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GENERAL  MONTHLY  MEETING, 
Monday,  November  1,  1876. 

C.  William  SiBiinra,  Esq.  D.O.L.  F.B.S.  Yioe-Prefiident,  in  l;he  Chair. 

Major<3eneral  W.  S.  8.  Mulcaster 
was  deeted  Member  of  the  Boyal  Institution. 

The  following  Oommimication  was  read : — 

**  Thb  Mahagbbs  much  regret  haying  to  annonnce  to  the  Members 
the  unexpected  death  of  one  of  the  most  valued  Members — Sib  Ohablbs 
Whxatstoks. 

**SiB  Chables  Whxatstonb  has  been  a  Member  of  the  Boyal 
Institution  since  the  year  1846.  Previously  to  that  time  he  had  made 
a  communication  to  the  Evening  Meetings  on  his  researches  in  Acou- 
stics ;  and  from  that  date  he  has  from  time  to  time  lent  his  valuable 
aid  to  the  objects  of  the  Institution,  as  one  of  the  Managers,  and  by 
discoveries  which  have  been  exhibited  on  the  Library  Table,  and 
formed  subjects  for  Discourses  at  the  Evening  Meetings  and  the 
Mormng  Lectures. 

^  His  high  position  as  an  original  investigator  in  Physical  Science, 
his  extensive  kuowledge  of  all  branches  of  Experimental  Besearch, 
and  his  readiness  to  impart  it,  and  general  kindly  disposition,  are  well 
known  to  a  lazge  body  of  the  Members  of  the  Boyal  Institution." 

The  Pbvshnts  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FBOH 
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Annual  B^rt,  1875.    8vo. 
Vol.  VIIL    (No.  64.)  b 
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Bot4an  Soctdy  of  Natural  Hittory— Memoirs,  3  Parts.    4to.     1874-5 
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8vo.    1875. 
Contributions  to  the  Fossil  Flora  of  the  Western  Territories,  Part  1.    4to. 
1874. 
Irish  Academy,  l^oyoZ— Transactions,  VoL  XXV.  Science,  Parts  6-19.  4to.  1874-6. 
Proceedings,  New  Series,  VoL  L  Nos.  9. 10;  Vol.  U.  Nos.  1-3.    8vo.    1873-6. 
Iron  ofui  St^  Institute— Journal,  1875,  Na  1.    8ro. 
Jackson,  Lowis  D,  A,  Esq.  (the  ilt(<Aor)^Hydraulic  Manual,  Part  1.    Working 

Tables  and  Text    8Ta    1875. 
Linnean  fibcte/y— Transactions,  Vpl.  XXIX.  Part  3;  Vol.  XXX.  Parts  2,  8. 
Second  Series:  Botany,  VoL  I.  Part  1 ;  Zoology.  Vol.  I.  Part  1.  4to.  1874-6. 
Journal,  Nos.  80,  81.    8vo.    1875. 
Mechanical  Engineenf  IndityHon,  Btrminy^m— Proceedings,  1876:  April,  June, 

July.    Parti.    8vo. 
Medical  and  Chirwrgieal  Society,  i?oya2— Transactions,  Vol.  LVIU.    8vo.    1876. 
Meteorological  Oj^oe— Meteorological  Committee  of  the  Royal  Society :  Report  for 
1874.    8vo.    1875. 
Quarterly  Weather  Report,  1873,  Part  4 ;  1874,  Part  1.    4to.    1876. 
R.  H.  Scott :  Instructions  for  the  Use  of  Meteorological  Instruments.  8vo.  1876. 
Meteorological  Office,  Toronto— Meteorological,  Magnetic,  and  other  Obser? ations 

in  Canada  in  1874.    8vo.    1876. 
Meteorological  Society— Qasaierly  Journal,  New  Seriee,  Na  16.    8vo.    187/5. 


Digitized  by  VjOOQIC 


1875.]  General  Monthly  Meeting.  3 

MUUerf  M.  Albert^  E$q,  (the  Author)— Bm  Fond  yorgeschiohtlioher  Steingerathe 

beiBiwel.    (M «)    4to.    1875. 
PreH9$Uehe  Akademie  der  Wis$M$chaften — ^Monatsberiohte :    Apri],  Mai,  Juni, 

1875.    8vo. 
BegnauU,  Jf.  A,  (the  Trantiaior)  ^Chef  d'CEavres  de  Loid  Byion,  trsdoita  ea  yen 

Fran^aiB.    2  volk    8yo.    PariB.    1874. 
Boma,  Aceademia  del  Irmcet^-AttL  Aimi  YIU.  IX.  k  XXYL  Seed.  5-8.    4to, 

1874-5. 
RoffoH  Soeiekf  of  Irondon— Proceedings,  Nos.  162, 163.    8vo.    1875. 
St,  Pdenbwrg,  Acad^aiie  de$  8cienoe8—T  S^ie.    Tome  XXL  Nos.  6-12 ;  Tome 

XXILKoe.1-3.    4to.    1874-5. 
BulletinB,  Tome  XIX.  Nos.  4, 5 ;  Tome  XX.  Nos.  1,  2.    4to.    1874. 
Sandf,  Admiral  B.  F.  (the  SuperirUendeTit) — Waahingtoa  Astronomioal  and  Meteor- 
ological Obserrations  for  1872.    4to.    1874. 
Snutheonian  InttUuUon — Smithsonian  Report  for  1873.    8to.    1874. 
iSla<t8«ioaZ  i^oeitffy— Joomal,  Vol.  XXXYIII.  Parts  2,  8.    8yo.    1875. 
Stre^  Mr.  ^.— Map  of  New  South  Wales.    1875. 
Symons,  O,  J.  Esq.  {the  AtUhor) — Symons'  Monthly  Meteorological  Magazine, 

Jnly-Oct,  1875.    8to. 
Tai^,  Alfred  8.  M.D.F.BJ3.M.B.I.  (the  Auihory-OaPoiaauB,    8rded.     12mo. 

1875. 
Tkcmoi,  W.  Cave^  Em.  (the  Atahar)— The  Bevised  Theory  of  Light.  12mo.  1875. 
Tynd4dL  Profe$8or,  D.C.L.  LL.D.  F.R.8.  (the  Avthory-Six  Lectures  on  Light. 

2nded.    16to.    1875. 
Bound.    Srded.    16to.    1875. 
United  Service  InslUuUon,  Royal— J(mna,\f  Nos.  81,  82.    870.    1875. 
Veretne  tw  Befdrderung  dee  Qewerhfleietes  in  Preuuen — ^Verhandelungen.    Jan.- 

Juni,  1875.    4to. 
Victoria  Jfw<t«trf«— Transactions,  No.  34.    8to.    1875. 
Zoological  iS^'e/y— Transactions,  VoL  IX.  Part  4.    4to.    1875. 
Proceedings,  1875,  Parts  2, 3.    8to. 
List  of  Vertebrated  Animals.    Supplement.    8vo.    1875. 
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GENERAL  MONTHLY  MEETING, 
Monday,  Deoember  6, 1875.    • 
0.  William  SmiNS,  Esq.  D.OX.  F.RS.  Yioe-Fresident,  in  the  Chair. 

Arthur  Gates,  Esq.  M.RL  B.A. 

The  Very  Ber.  R.  W.  Church,  M.  A.  Dean  of  St  Paal's. 

Lionel  Lawaon,  Esq. 

Joseph  Maopherson,  Esq. 

W.  H.  Preece,  Esq.  M.  List.  C.E. 

Arnold  George  Rogers,  Esq. 

John  Topham,  M.D. 

William  Parkinson  Wright,  Esq. 

were  elected  Members  of  the  Royal  Listitution. 

The  Special  Thanks  of  the  Members  were  returned  to  Sir  Wm .  R. 
Gboyb  for  his  Donation  of  Fifteen  Guineas  to  provide  a  marble 
pedestal  for  the  Bust  of  the  Rev.  John  Bablow,  presented  by  him  in 
November,  1874. 

The  following  Arrangements  of  the  Lectures  before  Easter,  1876, 
were  announced : — 

PRorBBSOB  Ttndall,  D.O.L.  LL.D.  F.R.6.~8ix  Lectures,  adapted  to  a 
Juvenile  Auditory,  on  Experimental  Electricity;  on  Dec.  28  (Tuesday),  30, 1875; 
Jan.  1,  4,  6,  and  8, 1876. 

Pbotessob  Altbsd  H.  Gabbod— TweWe  Lectures  on  the  Classification  of 
Yertebrated  Animals ;  on  Tuesdays,  Jan.  18  to  April  4. 

PB0FB880B  Glaostoitb,  F.R.S.—£ight  Lectures  on  the  Ohemistiy  of  the 
Kon-Metallic  Elements ;  on  Thursdays,  Jan.  20  to  March  9. 

William  Spottiswoodb,  Esq.  LL.D.  Treas.  B.S.  Sec.  R.L— Four  Lectures 
on  Polarized  Light ;  on  Thursdays,  March  16  to  April  6. 

B.  P.  PxTLLAN,  Esq.  M.B.I.B.A.— Three  Lectures  on  his  EzcavationB  in  Asia 
Minor ;  on  Saturdays,  Jan.  22,  29,  and  Feb.  5. 

W.  T.  Thisei/tok  Dyxb,  M.A.  B.So.  F.L.S.  Assistant  Director,  Boyal 
Gardens,  Kew. — Four  Lectures  on  the  Vegetable  Kingdom ;  the  Boundaries  and 
Connections  of  its  Larger  Groups ;  on  Saturdays,  Feb.  12  to  March  4. 

Pbofessob  G.  Oboom  Bobebtson,  M.A. — Three  Lectures  on  the  Human 
Senses ;  on  Saturdays,  March  11, 18,  and  25. 

Edwabd  Dannbbutheb,  Esq. — ^Two  Lectures  on  Wagner  and  his  Trilogy, 
on  Saturdays,  April  1  and  8. 

The  Pbiskkts  reoeiyed  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  yiz. : — 

raoM 
The  French  Oovemment — ^Documents  In^its  sur  I'Histoire  de  France:  Gartn-. 

laires  de  TEglise  Oath^rale  de  Grenoble.    4to.    1869. 
Lords  CommMimen  of  the  ^dmtfxitty— Nautical  AlmaniM  for  1879.    8yo.    1875. 
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J^ndiftiytaSbeiflte.  BoyoZ--Joiinial,  Second  Series  VoLXn.^  870.  1875. 

Armoldj  Tkoiauu  Jame$j  E$q, — ^Treatise  on  the  Law  of  Mtmioipal  Oorpontioni. 

2nd  ed.  with  Additions.    By  8.  G.  Johnston.    8yo.    1875. 
A$iaiie  Sodetif  of  Bengal-^oxsmBil,  1875,  Part  1.   No.  2.    870.    Part  2.  Extra 
Number.    8yo.     1875. 

Piooeedinga,  1875,  Nob.  6,  7,  8.    8yo. 
Atirommietd  Sodety,  JZoyoZ—Monthlv  Notices,  YoL  XXXV.  No.  9.    8Ta    1875. 
Batarian  Aeademjf,  J^Offol— Sitznngsberichte.   1875.    Heft  2.    8vo. 
Brititk  ArekUeeU,  Bcjfdl  IrutUtde  o/— Sessional  Papers,  1875-6,  No.  1.    4to. 
^nfM4  3ri(a0iii»Triu<eet--€atalogae  of  Oriental  Ooins,  Vol.  I.    8ro.    1875. 

Cuneiform  Inscriptions  of  Western  Asia,  Vol.  IV.    fol.    1875. 
Comilaio  GecHogieo  (T/toZta— Bollettini,  1875,  Noe.  7,  8.    8yo. 
Ikmmtihin  A$$oeiati<m  far  the  Advaneement  0/  Literature,  Seienoe,  and  Art — Report 

and  Transactions,  VoL  VH    8to.    1875. 
DmigUuy  B,  K.  Etq.  Qhe  AMory—The  Language  and  Literature  of  China.    (Two 

Lectures  at  the  Bpyal  Institution.)    16to.    1875. 
Ediiore    American  Journal  of  Science  for  Nov.,  1875.    8tro. 

AthensBum  for  Noy^  1875.    4to. 

Chemical  News  for  Not.,  1875.    4to. 

Electrical  News  for  Nov.,  1875. 

Engineer  for  Nor.,  1875.    foL 

Journal  for  Applied  Science  for  Not.,  1875.    fol. 

Nature  for  Not.,  1875.    4to. 

Nautical  Magazine  for  Not.,  1875.    8?o. 

Pharmaceutical  Journal  for  Not.,  1875.    8to. 

Practical  Biagazine  for  Not.,  1875.    8fo. 

TelegrMkh  Journal  for  Not.,  1875.    8to. 
Franklin  IndOuie—Joumel,  No.  598.    8to.    1875. 

6en^,  ^S^Vf^cisPJ^ytigtie— M^moires,  Vol.  XXIV.  Partie  I.    4to.    1874-5. 
Geological  &>0t«ey— Quarterly  Journal,  No.  124.    8to.    1875. 
Oedogieal  Society  of  Ireland,  Boyoi— Journal,  VoL  IV.  Part  2.    8to.    1875. 
GUugow  Philcem^hical  iSbet«4^— Proceedings,  Vol.  IX.  No.  1.    8to.    1874. 
Harrimmj  Mr.  TF.  H.  (the  ilnOor)— Spirit  People.    12mo.    1875. 
lAnnean  Sodelff — Proceedings,  1874-^.    8va 

lAeerpocl  LiUrary  and  PhUoeophioal  Sociefy—ProtyeedmgB,  No.  29.    8ro.    1875. 
Meleorologieal  &>otsey— Quarterly  Journal,  New  Series,  No.  16.    8to.    1875. 
Plants,  M,  O.  (the  ilti<Aor>— Recherches  (from  Comptes  Rendus,  1875). 
Pretu$i$che  Akademie  der  Wieeeruchaften — Monatsberichte :  Juli,  Aug.,  1875.   8to. 
Bigg,  Rev,  Arthur,  U,A.  M.R.I,  (the  Author) — Cantor  Lectures.    On  Mechanism; 
on  the  Energies  of  GraTity,  Vitality,  Heat,  Ac;  and  on  Tools,  &c.     8ro. 
1872-3-5. 

Report  on  StoTO  O>mpetition.    8to.    1874. 
Boyal  Society  o/XxmuIom— Philosophical  Transactions  for  1875.  Vol.  CLXV.,  Pftrt  1. 

iSbiM,  j1  fl:  Ag.  ((^  JtftAor)— Milk  in  Health  and  Disease.    12mo.    1875. 
Symom,  O.  /.  Eeo.  (the  Author)— Symons'  Monthly  Meteorological  Magazine, 

NoT«1875.    8to. 
Victoria  ifueauto— Transactions,  No.  85.    8to.    1875. 

VclpireUiy  Profeeeor  P.  (the  .itiOor)— SuU'  Epoca  della  Completa  Cecitk  del  (Galilei. 
8to.    1868. 
Various  Memoirs  (ftcm  ^  Atti  dei  NuoTi  Linoei  di  Roma,"  Ac).  1844^75.  4to. 
Soluzione  del  Problema  relatiTe  alle  Corse  del  CaTallo.    4to.    Roma.    1872. 
Watford  Natural  Hietory8oeiety^Tnxmc^onB,Yol.hP^iia  1,2,    8m    1875. 
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WEEKLY  EVENING  MEETING, 
Friday,  January  21, 1876. 

Qbobob  Busk,  Esq.  F.E.S.  Treasurer  and  Yioe-President, 
in  the  Ohair. 

Pbofbssob  Ttodall,  D.OX.  LL.D.  FJBiS.  MJt.I. 

Tke  Optical  ChndUion  of  ike  Atmospkere,  in  its  Bearings  on  Putrefaction 

and  Infection.^ 

Sec  years  ago  I  ventured  to  place  before  the  Members  of  the  Boyal 
Institution  a  sketch  of  the  Germ  Theory  of  Epidemics,  which,  nnder 
the  title  of  "  Dost  and  Disease,"  was  published  in  the  Proceedings  of 
the  Institution.^  I  at  that  time  found  that  L(mdon  air,  which  is 
always  thick  with  motes,  and  also  witii  matter  too  fine  to  be  described 
as  motes,  after  it  had  been  filtered  by  passing  it  tiirough  densely 
packed  cotton-wool,  or  calcined  by  passing  it  through  a  red-hot 
platinum  tube  containing  a  bundle  of  red-hot  platinum  wires,  or 
by  carefully  leading  it  over  the  top  of  a  spirit-lamp  flame,  diowed, 
when  examined  by  a  concentrated  luminous  beam,  no  trace  of 
mechanically  suspended  matter.  The  particular  portion  of  space 
occupied  by  such  a  beam  was  not  to  be  distinguished  from  adjacent 
space. 

The  purely  gaseous  portion  of  our  atmosphere  was  thus  shown  to 
be  incompetent  to  scatter  li^t. 

I  subsequently  found  that,  to  render  the  ur  thus  optically  pure, 
it  was  only  necessary  to  leave  it  to  itself  for  a  sufficient  time  in  a 
closed  chamber,  or  in  a  suitably  closed  vessel.  The  floating  matter 
gradually  attached  itself  to  the  surrounding  surfiuses,  leaving  behind 
it  air  possessing  no  scattering  power.  Se^t  through  such  air,  the 
most  concentrated  beam  fuled  to  render  its  track  visible. 

The  paralleliffln  of  these  results  with  those  obtained  in  the  excel- 
lent researches  of  Schwann,  Schroeder  and  Dusch,  Schroeder  himself, 
and  of  the  illustrious  Pasteur,  in  regard  to  the  question  of  *^  sponta- 
neous generation,"  caused  me  to  conclude  that  the  power  of  scattering 
light  and  the  power  of  producing  life  by  the  air  would  be  found  to  go 
himd-in-hand. 

This  conclusion  was  strengthened  by  an  experiment  easily  made 
and  of  high  significance  in  relation  to  this  question.    It  had  been 

*  BiDce  the  deliyery  of  the  diecoorse  some  new  matter,  dealing  with  qaestions 
sabeeqnently  diBonssed,  has  been  added  to  this  abstract 
t  Vol.  vi.  p.  1. 
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pointed  out  by  Professor  Lister,  of  Edinburgh,  that  air  which  has 
passed  throngh  the  longs  is  known  to  have  lost  its  power  of  causing 
pntrafiftction.  Such  air  may  mix  freely  with  the  blood  without  risk  of 
mischief ;  and  that  truly  great  scientific  surgeon  had  the  penetration 
to  ascribe  this  immunity  from  danger  to  the  filtering  power  of  the 
lungs.  Prior  to  my  beeoming  acquainted  with  this  hypothesis  in 
1869,  I  had  virtually  demonstrated  its  accuracy  in  the  following 
way: 

Ckmdensing  in  a  dark  room,  and  in  dusty  air,  a  powerful  beam  of 
li^t,  and  breathing  through  a  glass  tabe  (the  tube  actually  employed 
was  a  lamp-glass,  rendered  warm  in  a  flame  to  prevent  precipitation) 
across  the  focus,  a  diminution  of  the  scattered  light  was  first  observed. 
But  towards  the  end  of  the  expiration  the  white  track  of  the  beam 
was  broken  by  a  perfectly  black  gap,  the  blackness  being  due  to  the 
total  absence  from  the  expired  air  of  any  matter  competent  to  scatter 
light.  The  deeper  portions  of  the  lungs  were  thus  proved  to  be  filled 
with  optically  pure  air,  which,  as  such,  had  no  power  to  generate  the 
organisms  essential  to  ihe  process  of  putrefiiction.*  The  experimental 
arrangement  is  given  in  Fig.  1,  where  g  represents  the  heated  lamp- 
glass,  and  b  the  gap  cut  out  of  the  beam  issuing  from  the  lamp  at  L. 

Fig.  1. 


I  thought  this  simple  method  of  examination  could  not  fail  to  bo 
of  use  to  workers  in  this  entangled  field.    They  had  hitherto  pro- 

*  "  No  putrefaction,"  says  Gohn,  **  can  occur  in  a  nitrogenona  substance  if  it 
be  kept  free  ftom  the  entrance  of  new  Bacteria  after  those  which  it  may  contain 
have  been  destroyed.  Putrefiu^tion  begins  as  soon  as  Bacteria,  even  in  the  smallest 
nnmbers,  are  accidentally  or  purposely  introduced.  It  progresses  in  direct  pro- 
portion to  the  multiplication  of  the  Bacteria  ;  it  is  retarded  when  the  Bacteria  (fur 
example,  by  a  low  temperature)  develop  a  small  amount  of  vitality,  and  is  brought 
to  an  end  by  all  influences  which  either  stop  the  deyelopment  of  the  Bacteria  or 
kill  them.  All  bactericidal  media  are  therefore  antiseptic  and  disinfecting.'* — 
Beitrige  zor  Biologic  der  Pflanzen.    Zweites  Heft,  1872,  p.  203. 
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oeeded  leas  by  sight  than  by  insight,  being  in  general  unable  to  see 
the  physical  character  of  the  medium  in  which  their  experiments  were 
conducted.  But  the  method  has  not  been  much  turned  to  account, 
and  this  year  I  was  so  impressed  by  its  possible  importance,  that  I 
resolved  to  devote  some  time  myself  to  the  more  complete  demonstra- 
tion of  its  utility. 

My  principal  stimulus,  however,  was  the  desire  to  free  my  mind, 
and  if  possible  the  minds  of  others,  from  the  uncertainty  and  con- 
fusion which  now  beset  the  doctrine  of  '^spontaneous  generation." 
Pasteur  has  pronounced  it  ^  a  chimera,"  and  expressed  the  undoubt- 
ing  conviction  that,  this  being  so,  it  is  possible  to  remove  parasitic 
diseases  from  the  earth.  To  the  medical  professicm,  thwefore,  and 
through  them  to  humanity  at  large,  this  question,  if  the  illustrious 
French  philosopher  be  correct,  is  one  of  ihe  last  importance.  But 
the  state  of  medical  opinion  regarding  it  is  not  satisfactory.  In 
a  recent  number  of  the  '  British  Medical  Journal,'  and  in  answer 
to  the  question,  ^In  what  way  is  contagiom  generated*  and  com- 
municated?" Messrs.  Braid  wood  and  Vacher  reply  that,  notwith- 
standing ''  an  almost  incalculable  amount  of  patient  labour,  the  actual 
results  Qbtained,  especially  as  regards  the  manner  of  generation  of 
contagium,  have  been  most  disappointing.  Observers  are  even  yet 
at  variance  whether  these  minute  particles,  whose  discovery  we  have 
just  noticed,  and  other  disease  germs,  are  always  produced  from 
like  bodies  previously  existing,  or  whether  they  do  not,  under  certain 
favourable  conditions,  spring  into  existence  de  novo,^* 

With  a  view  to  the  possible  diminution  of  the  uncertainty  thus 
described,  I  have  recently  submitted  to  the  Boyal  Society,  and  more 
especially  to  those  who  study  the  aatiology  of  disease,  the  following 
description  of  the  mode  of  procedure  followed  in  this  inquiry,  and  of 
the  results  to  which  it  has  led. 

A  number  of  chambers,  or  cases,  were  constructed,  each  with  a 
glass  front,  its  top,  bottom,  back  and  sides  being  of  wood.  At  the 
back  is  a  little  door  which  opens  and  closes  on  hinges,  while  into  the 
sides  are  inserted  two  panes  of  ghuBS,  facing  each  other.  The  top  is 
perforated  in  the  middle  by  a  hole  2  inches  in  diameter,  closed  air- 
tight by  a  sheet  of  indiarubber.  This  sheet  is  pierced  in  the  middle 
by  a  pin,  and  through  the  pin-hole  is  passed  the  shank  of  a  long 
pipette  ending  above  in  a  small  funnel.  A  circular  tin  collar  2  inches 
in  diameter  and  11  inch  deep,  surrounds  the  pipette,  the  space  between 
both  being  packed  with  cotton-wool  moistened  by  glycerine.  Thus 
the  pipette,  in  moving  up  and  down,  is  not  only  firmly  clasped  by  the 
indiarubber,  but  it  also  passes  through  a  stuffing  box  of  sticky  cotton- 
wool. The  width  of  the  aperture  closed  by  the  indiarubber  secures 
the  free  lateral  play  of  the  lower  end  of  the  pipette.  Into  two  other 
smaller  apertures  in  the  top  of  the  chamber  are  inserted,  air-tight,  the 
open  ends  of  two  narrow  tubes,  intended  to  connect  the  interior  space 
with  the  atmosphere.    The  tubes  are  bent  several  times  up  and  down. 
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so  as  to  interoept  and  retain  the  particles,  carried  hj  snch  feeble 
currents  as  changes  of  temperature  mi^t  cause  to  set  in  between  the 
outer  and  the  inner  air. 

The  bottom  of  the  bos  is  pierced  sometimes  with  two  rows,  some- 
times with  a  single  row  of  apertures,  in  which  are  fixed,  air-tight  large 
test-tobes,  intended  to  contain  the  liquid  to  be  exposed  to  the  action 
of  the  moteless  air.  The  cases  have  varied  in  capacity  from  1666  to 
451  cubic  inches.  In  the  largest  case  twelve  test-tubes  were  fixed, 
in  the  smallest  three. 

The  arrangement  for  a  case  of  six  tubes  is  represented  in  Fig.  2, 
where  to,  to,  are  the  windows  through  which  the  searching  beam  passes 
from  the  lamp  outside ;  p  is  the 
pipette,  and  a  6  are  the  bent  tubes  ^'^'  ^* 

connecting  the  inner  with  the 
outer  air.  The  test-tubes  pass- 
ing through  the  bottom  of  the 
case  are  seen  below. 

On  September  10th,  1875,  the 
first  case. of  this  kind  was  closed. 
The  passage  of  a  concentrated 
beam  across  it  through  its  two 
side  windows  then  showed  the  air 
within  it  to  be  laden  with  floating 
matter.  On  the  18th  it  was 
again  examined.  Before  the  beam 
entered,  and  after  it  quitted  the 
case,  its  track  was  vivid  in  the  air, 
but  within  the  case  it  vanished. 
Three  days  of  quiet  sufficed  to 
cause  all  the  floating  matter  to  be 
deposited  on  the  top,  sides,  and 
bottom,  where  it  was  retained  bv 
a  coating  of  glycerine,  with  whicm 
the  interior  surface  of  the  case 
had  been  purposely  varnished. 
The  test-tubes  were  then  filled 
through  the  pipette,  boiled  for  five 
minutes  in  a  bath  of  brine  or  oil, 
and  abandoned  to  the  action  of 
the  moteless  air.  During  dilu- 
tion aqueous  vapour  rose  from  the 
liquid  into  the  chamber,  where  it 
was  for  the  most  part  condensed, 
the  uncondensed  portion  escaping, 

at  a  low  temperature,  throng  the  bent  tubes  at  the  top.  Before  tho 
brine  was  removed,  Uttle  stoppers  of  cotton-wool  were  inserted  in  the 
bent  tubes,  lest  the  entrance  of  the  air  into  the  cooling  chamber 
should  at  first  be  forcible  enough  to  carry  motes  along  with  it.    As 
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sooiiy  howeyer,  as  the  ambient  temperatore  was  assumed  by  the  air 
within  the  case,  the  ootton-wool  stoppers  were  removed. 

We  have  here  the  oxygen,  nitrogen,  carbonic  add,  ammonia,  aqne- 
ons  vapour,  and  all  the  other  gaseons  matters  which  mingle  more  or 
less  with  the  air  of  a  great  city.  We  have  them,  moreover, ''  nntor- 
tared  "  by  calcination,  and  unchanged  even  by  filtration  or  manipula- 
tion of  any  kind.  The  question  now  before  us  is,  can  air  thus  retaining 
all  its  gaseous  mixtures,  but  self-deansed  from  mechanically  suspended 
matter,  produce  putrefaction  in  organic  infusions  freely  exposed  to 
its  action  ?  To  this  question  both  the  animal  and  vegetable  worlds 
return  a  decided  negative. 

Among  vegetables  experiments  have  been  made  with  hay,  turnips, 
tea,  coffee,  hops,  repeated  in  various  ways  with  both  acid  and  alkaline 
infrtsions.  Among  animal  substances  are  to  be  mentioned  beef,  mutton, 
pork,  hare,  rabbit,  kidney,  liver,  fowl,  pheasant,  grouse,  haddock,  sole, 
salmon,  cod,  turbot,  mullet,  herring,  whiting,  ee^  oyster,  urine,  which 
have  been  iJl  subjected  to  repeated  experiments. 

The  result  is  that  infusions  of  these  substances  exposed  to  the 
common  air  of  the  Royal  Institution  laboratory,  maintained  at  a 
temperature  of  from  60^  to  70"^  Fahr.,  all  fell  into  putrefiaction  in  the 
course  of  from  two  to  four  days.  No  matter  where  the  infusions  were 
placed,  they  were  infallibly  smitten  in  the  end.  The  number  of  the 
tubes  containing  infusions  was  multiplied  till  it  reached  600,  but  not 
one  of  them  escaped  infection. 

In  no  single  instance,  on  the  other  hand,  did  the  air,  which  had 
been  proved  moteless  by  the  searching  beam,  even  when  raised  to 
over  90%  manifest  the  l^»t  power  of  producing  Bacterial  life  or  the 
associated  phenomena  of  putrefiMstion.*  The  power  of  developing 
such  life  in  atmospheric  air,  and  the  power  of  scattering  light,  are 
thus  proved  to  be  indissolubly  united. 

The  sole  condition  necessary  to  cause  these  long-dormant  infusions 
to  swarm  with  active  life  is  the  access  of  the  floating  matter  of  the 
air.  After  having  remained  for  four  months  as  pellucid  as  distilled 
water,  the  opening  of  the  back  door  of  the  protecting  case,  and  the 
consequent  admission  of  the  mote-laden  air,  sufficed  in  three  days  to 
render  the  infusions  putrid  and  full  of  life. 

In  his  published  works,  Dr.  Bastian  has  frequently  dwelt  upon  the 
necessity  of  employing  strong  infusions  when  investigating  the  pheno- 
mena of  spontaneous  generation.  I  would  therefore  refer  to  the  fact, 
that  in  most  of  the  experiments  here  described  the  infusion  at  starting 
was  strong,  and  that  it  was  permitted  to  evaporate  with  extreme  slow- 
ness through  the  bent  tubes  at  the  top  of  the  case,  until  its  con- 
centration became  three  or  four  fold  what  it  had  been  at  starting. 
Every  experiment  was  thus  converted  into  an  indefinite  number  of 
experiments  on  infusions  of  different  strengths.      Never,   in  my 

■*  The  temperatures,  in  some  cases,  readied  105^  Fabr. 
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oj^oD,  1VB8  the  reqmiemant  as  to  ooncentratioii  more  oompletelj 
foIfiUed,  and  nevet  was  the  reply  of  Nature  to  experiment  more 
definite  and  satifi&ctory.  The  temperatnrea,  moreover,  to  which  the 
infosions  have  heen  sabjeoted,  embrace  those  hitherto  fouid  effectnal, 
extending  indeed  beyond  them  in  both  directions.*  They  reached 
from  a  lower  limit  of  b(f  to  a  hi^er  limit  of  more  than  100°  Fahr. 
Still  higher  temperatures  were  applied  in  other  experiments  to  be 
deaoribed  sabseqnently.  With  regiurd  to  the  nmnber  of  the  infnsioos, 
more  than  fifty  moteless  chambers,  each  with  its  system  of  tabes,  have 
been  tested.  There  is  no  shade  of  nncertainly  in  any  of  tiie  results. 
In  every  instance  we  have;,  within  the  chamber,  perfect  limpidity  and 
sweetness — without  the  chamber,  putridity  and  its  chiuracteristic 
8mell&  In  no  instance  is  the  least  countenance  lent  to  the  notion 
that  an  infusion  deprived  by  heat  of  its  inherent  life,  and  placed  in 
contact  with  air  cleansed  of  its  visibly  suspended  matter,  has  any 
power  whatever  to  generate  life  anew. 

If  it  should  be  asked  how  I  have  assured  myself  that  the  protected 
liqnida  do  not  contain  Bacteria,  I  would,  in  the  first  place,  reply  that 
with  the  most  careful  microscopic  search  I  have  been  unable  to  find 
them.  But  much  more  than  this  may  be  affirmed.  The  electric  or 
the  solar  beam  is  a  &r  more  powerful  and  searching  test  in  this 
matter  than  the  microscope.  In  the  foregoing  pages  I  have  more 
than  onoe  deaoribed  the  clearness  of  my  protected  infusions,  after 
TOontiis  of  ei^osnre,  as  equal  to  that  of  distilled  water.  So  far  is  this 
from  being  an  exaggeration,  that  it  fidls  short  of  the  truth ;  for  I 
have  never  seen  distilled  water  so  free  from  suspended  particles  as 
the  protected  infusions  prove  themselves  to  be.  When  for  months  a 
transparent  liquid  thus  defies  tiie  scrutiny  of  the  searching  beam, 
maintaining  itself  free  from  every  speck  which  could  scatter  light  as 
a  Bacterium  scatters  it — when,  moreover,  an  adjacent  infusion,  pre- 
pared in  precisely  the  same  way,  but  exposed  to  the  ordinary  air, 
becomes  first  hazy,  then  turbid,  and  ends  by  wholly  shattering  the 
coocentrated  beam  into  irregularly  scattered  light,  I  think  we  are 
entitled  to  conclude  that  Bacteria  are  as  certainly  absent  from  the  one 
as  they  are  present  in  the  other. 

For  the  right  interpretation  of  scientific  evidence  something  more 
than  mere  sha^ness  of  observation  is  requisite,  very  keen  sight  being 
perfBctly  compatible  with  very  weak  insight.  I  was  therefore  careful 
to  have  my  ixifusions  inspected  by  biologists,  not  only  trained  in  the 
niceties  of  the  microscope,  but  versed  in  all  the  processes  of  scientific 
reasoning  Their  conclusion  is  that  it  would  simply  weaken  the  de- 
monstrative force  of  the  experiments  to  appeal  to  tl:^  microscope  at  all. 

That  Bacterial  life  arises  from  mechanically  suspended  particles  is 
thus  reduced  to  ocnlair  demonstration.     Let  us  inquire  a  little  more 

•  See  *  Pioc,  Roy.  Soo/  vol.  xxi  p.  130,  where  i^temperaiare  of  70°  is  described 
asetfeetuftl. 
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closely  into  the  character  of  the  particles  which  produce  the  life.  Poor 
Ean  de  Cologne  into  water,  a  white  precipitate  renders  the  liquid  milky. 
Or,  imitating  Brucke,  dissolve  clean  gum  mastic  in  alcohol,  and  drop 
it  into  water,  the  mastic  is  precipitated,  and  milkiness  produced.  If 
the  solution  be  very  strong,  the  mastic  separates  in  curds;  but  by 
gradually  diluting  the  alcoholic  solution,  we  finally  reach  a  point 
where  the  milkiness  disappears,  the  liquid  assuming,  by  reflected 
light,  a  bright  cerulean  hue.  It  is  then,  in  point  of  fact,  the  colour 
of  the  sky,  being  due  to  a  similar  cause,  namely,  the  scattering  of 
light  by  particles,  small  in  comparison  to  the  size  of  the  waves  of 
Hght. 

When  this  liquid  is  examined  by  the  highest  microscopic  power,  it 
seems  as  uniform  as  distilled  water.  The  mastic  particles,  though 
innumerable,  entirely  elude  the  microscope.*  At  right  angles  to  a 
luminous  beam  passing  among  the  particles  they  discharge  perfectly 
polarized  light.  The  optical  deportment  of  the  floating  matter  of  the 
air  proves  it  to  be  composed,  in  part,  of  particles  of  tibis  excessively 
minute  character.  When  the  track  of  a  parallel  beam  in  dusty  air  is 
looked  at  horizontally  through  a  Nicol's  prism,  in  a  direction  per- 
pendicular to  the  beam,  the  longer  diagonal  of  the  prism  being 
vertical,  a  considerable  portion  of  the  light  from  the  finer  matter 
is  extinguished.  The  coarser  motes,  on  the  other  hand,  flash  out  with 
greater  force,  because  of  the  increased  darkness  of  the  space  around 
tiiem.  It  is  among  the  finest  ultra-microscopic  particles  that  the 
matter  potential  as  regards  the  development  of  Bacterial  life  is  to 
be  sought. 

The  existence  of  these  particles,  foreign  to  the  latmosphere,  but 
floating  in  it,  is  as  certain  as  if  they  could  be  felt  between  the  fingers,  or 
seen  by  the  naked  eye.  Supposing  them  to  augment  in  magnitude  until 
they  come,  not  only  within  range  of  the  microscope,  but  within  range 
of  tiie  unaided  senses.  Let  it  be  assumed  that  our  knowledge  of  them 
under  these  circumstances  remains  as  defective  as  it  is  now — that  we 
do  not  know  whether  they  are  germs,  particles  of  dead  organic  dust, 
or  particles  of  mineral  matter.  Suppose  a  vessel  (say  a  flower-pot) 
to  be  at  hand  filled  with  nutritious  earth,  with  whidi  we  mix  our 
unknown  particles ;  and  that  in  three  days  buds  and  blades  of  well- 
defined  cresses  and  grasses  appear  above  the  soiL  Suppose  the  ex- 
periment when  repeated  a  hundred  times  to  yield  the  same  unvarying 
result.  What  would  be  our  conclusion?  Should  we  regard  tiiose 
living  plante  as  the  producte  of  dead  dust  or  mineral  particles  ?  or 
should  we  regard  them  as  the  oflGspring  of  living  seeds  ?  The  reply 
is  unavoidable.  We  should  undoubtedly  consider  the  experiment 
with  the  flower-pot  as  clearing  up  our  pre-existing  ignorance;  we 
should  regard  tiie  fact  of  their  producing  cresses  and  grasses  as 
proof  positive  that  the  particles  sown  in  the  earth  of  the  pot  were  the 

*  Mr.  Dallinger  has  failed  to  detect  them  with  a  magnifying  power  of  fifteen 
thousand  diameters.—*  Pop.  Sci.  Bev.,'  April  1876. 
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seeds  of  the  plants  wbich  have  grown  from  thenu  It  would  be  simply 
monstrous  to  oondode  that  they  had  been  "spontaneously  generated." 
This  reasoning  applies  word  for  word  to  the  development  of 
Bacteria  from  that  floating  matter  which  the  electric  beam  reveals 
in  the  air,  and  in  the  absence  of  which  no  life  has  been  generated. 
There  seems  no  flaw  in  this  reasoning;  and  it  is  so  simple  as  to 
render  it  milikely  that  the  notion  of  Bacterial  life  developed  from 
dead  dost  can  ever  gain  cnrrency  among  the  members  of  the  medical 
profession. 

The  uniform  sterility  of  the  boiled  inf^ons  thus  &r  described, 
when  protected  from  the  floating  matter  of  the  air,  proves  that  they 
do  not  contain  germs  capable  of  generating  life.  Dr.  Bastian  indeed 
affirms  that  a  temperature  of  140^  Fahr.  reduces,  in  all  cases,  such 
germs  to  a  state  of  actual  or  potential  death.  But  even  in  flasks 
which  .have  been  raised  to  a  temperature  of  212^,  and  hermetically 
sealed,  putr^MHion,  and  its  associated  Bacterial  life,  do,  he  alleges, 
most  certainly  arise ;  from  which  he  infers  that  Bacteria  are  spon- 
taneously generated.  "  We  know,"  he  says,  "  that  boiled  turnip  or 
hay-infusions,  exposed  to  ordinary  air,  exposed  to  filtered  air,  to 
ealdned  air,  or  shut  off  altogether  from  contact  with  air,  are  more 
ofT  less  prone  to  swarm  with  Bacteria  and  vibriones  in  the  course  of 
from  two  to  six  days." 

We  are  here  met  by  a  difficulty  at  the  outset  Dr.  Bastian's  proof 
of  Bacterial  death  at  140^  Fahr.  consists  in  the  observed  fact,  that 
when  a  certain  liquid  is  heated  to  that  temperature  no  life  appears  in 
it  afterwards.  In  another  liquid,  however,  he  finds  that  life  appears 
two  days  after  it  has  been  heated  to  212°.  Instead  of  concluding  that 
in  the  one  liquid  the  germs  are  killed  and  in  the  other  not,  he  chooses 
to  assume  that  140°  Fahr.  is  the  death-temperature  for  both,  and  this 
being  so,  the  life  observed  in  the  second  liquid  figures,  in  his  in- 
ference, as  a  case  of  spontaneous  generation.  A  great  deal  of  Dr. 
Bastian's  most  cogent  reasoning  rests  upon  this  foundation.  Assump- 
tions of  this  kind  guide  him  in  his  most  serious  experiments.  He 
finds,  for  example,  that  a  mineral  solution  does  not  develop  Bacteria 
when  exposed  to  the  air ;  and  he  concludes  from  this  that  an  organic 
infusion  also  may  be  thus  exposed  without  danger  of  infection.  He 
exposes  turnip-juice  accordingly,  obtains  a  crop  of  Bacteria,  which,  in 
the  light  of  his  assumption,  are  spontaneously  generated.  Such  are 
tiie  warp  and  woof  of  some  of  the  weightiest  arguments  on  this  ques- 
tion which  have  been  addressed  to  the  Boyal  Society. 

Granting,  then,  all  that  Dr.  Bastian  alleges  regarding  his  experi- 
ments to  be  correct,  the  logical  inference  would  bo  very  different  from 
his  inference.  But  are  hiis  statements  correct  ?  This  is  the  really 
important  point,  and  to  its  examination  I  now  address  myself. 

And  first,  with  regard  to  filtered  air.  A  group  of  twelve  large 
test-tubes  were  caused  to  pass  air-tight  through  a  slab  of  wood. 
The  wood  was  coated  with  cement,  in  which,  while  hot,  a  heated 
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'*  propagating  glass  "  resembling  a  large  bell-jar  was  imbedded.  Tbe 
air  within  the  jar  was  pumped  out  several  times,  air  filtered  through 
a  plug  of  cotton-wool  being  permitted  to  supply  its  place.  The  test- 
tubes  contained  infusions  of  hay,  turnip,  beef,  and  mutton — three  of 
each — twelve  in  all.  After  months  of  exposure  they  remained  as  clear 
and  cloudless  as  they  were  upon  the  day  of  their  introduction ;  while 
twelve  similar  tubes,  prepared  at  the  same  time  in  precisely  the 
same  way  and  exposed  to  the  ordinary  air,  were,  in  a  few  days, 
clogged  with  mycelium,  mould,  and  Bacteria. 

With  regard  to  the  calcined  air,  a  similar  propagating  glass  was 
caused  to  cover  twelve  other  tubes  filled  wi&  the  same  infusions, 
p     ^  The  '*  glass "  was  exhausted  and 

'^'   '  carefully  filled  with  air  which  had 

^  been  slowly  passed  through  a  red- 

hot  platinum  tube,  containing  a 
roll  of  red-hot  platinum  gauze. 
Tested  by  the  searching  beam,  the 
calcined  air  was  found  quite  /ree 
from  floating  matter.  Not  a  speck 
has  invaded  the  limpidity  of  the 
infusions  exposed  to  it,  while 
twelve  similar  tubes  placed  out- 
side have  fallen  into  rottenness. 

The  experiments  with  calcined 
air  took  another  form.  Six  years 
ago  *  I  found  that  to  render  the 
laboratory  air  free  from  floating 
matter,  it  was  only  necessary  to 
permit  a  platinum  wire  heated  to 
whiteness  to  act  upon  it  for  a  suf- 
ficient time.  I  availed  myself  of 
this  mode  of  calcining  the  air  on 
the  present  occasion.  The  appa- 
ratus employed  is  shown  in  Fig.  8. 
A  glass  shade  S  is  placed  upon  a 
slab  of  wood  mounted  on  a  tripod, 
and  through  which  passes  three 
large  test-tubes  nearly  filled  with 
the  infusion  to  be  examined.  A 
platinum  spiral  p  unites  the  ends 
of  two  upright  copper  wires,  which 
pass  through  the  stand,  and  are 
marked  -f  and  —  outside  it  The  shade  is  surrounded  by  a  tin 
collar,  with  a  space  of  about  half  an  inch  all  round  between  it  and 
the  shade.  This  space  is  filled  with  cotton-wool  firmly  packed. 
Oonnecting  the  wires  with  a  battery  of  fifteen  cells,  the  spiral  p  was 

♦  *  Proc.  Roy.  Inat.'  vol.  vi.  pp.  4  and  5. 
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raised  to  wbiienees,  and  was  pormitted  to  oontinne  so  for  five  minntes. 
Experiments  previonsly  executed  had  shown  that  this  sufficed  for  the 
entire  removal  of  the  floating  matter.  When  the  spiral  was  heated 
a  portion  of  the  expanded  air  was  driven  through  the  cotton-wool 
packing  below;  and  when  the  current  was  interrupted  this  air, 
returning  into  the  shade,  was  prevented  by  the  cotton-wool  from 
carrying  any  floating  matter  with  it. 

The  first  three  substances  brought  into  contact  with  air  calcined 
in  this  way  were  damson-juice,  pear-juice,  and  infusion  of  yeast. 
They  were  boiled  for  five  minutes,  and  for  five  months  they  have 
remained  without  speck  or  turbidity.  Other  tubes  similarly  boiled, 
and  placed  underneath  shades  containing  the  floating  matter  of  the 
air,  have  long  since  fallen  into  mould  and  rottenness. 

Turnip  and  hay-infusions  rendered  slightly  alkaline  have  been 
Doentioned  as  particularly  prone  to  spontaneous  generation.  I  wished 
to  test  this.  On  the  26th  of  November,  therefore,  four  shades  were 
prepared,  two  containing  stronff  turnip-infusion  and  hay-infusion 
nnneutralized,  two  containing  infusions  which  had  been  rendered 
slightly  supemeutralized  by  caustic  potash.  The  alleged  spontantous 
development  of  life  was  not  observedi  The  tubes  exhibit  to  this  hour 
the  deamess  and  colour  which  they  showed  on  the  day  they  were 
boiled.  Hermetically  sealed  tubes,  containing  the  same  infusions, 
prepared  on  the  same  day,  remafai  equally  clear;  while  specimens 
exposed  to  the  laboratory  air  have  fiJlen  into  rottenness. 

Finally,  with  regard  to  infusions  wholly  withdrawn  from  air,  a 
group  of  test-tubes,  containing  different  infusions,  was  boiled  under 
a  bell-jar  first  filled  with  filtered  air,  which  was  subsequently  re- 
moved as  fiir  as  possible  by  a  good  air-pump.  They  are  now  as 
pellucid  as  they  were  at  the  time  of  their  preparation,  more  than 
three  months  ago,  while  a  group  of  corresponding  tubes  exposed  to 
the  laboratory  air  have  all  fallen  into  rottenness. 

On  another  form  of  experiment  just  adverted  to,  great  weight  has 
been  laid — ^that  of  hermetically  sealed  tubes.  On  April  6th,  1876,  a 
discussion  on  the  '*  Germ  Theory  of  Disease  "  was  opened  before  the 
Pathological  Society  of  London.  The  meeting  was  attended  by  many 
distinguished  medical  men,  some  of  whom  were  profoundly  influenced 
by  the  arguments,  and  none  of  whom  disputed  the  facts  brought 
forward  against  the  theory  on  that  occasion.  The  following  im- 
portant summaiy  of  these  was  then  given  by  Dr.  Bastian : — '^  With  the 
view  of  settling  these  questions,  therefore,  we  may  carefully  prepare 
an  infusion  from  some  animal  tissue,  be  it  muscle,  ladney,  or  Hver;  we 
may  place  it  in  a  flask  whose  neck  is  drawn  out  and  narrowed  in  the 
Uowpipe-flame,  we  may  boil  the  fluid,  seal  the  vessel  during  ebulli- 
tion, and  keeping  it  in  a  warm  place,  may  await  the  result,  as  I  have 
often  done.  After  a  variable  time  the  previously  heated  fluid  within 
the  heAnetically  sealed  flask  swarms  more  or  less  plentifully  with 
Bacteria  and  allied  organisms." 
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Previous  to  reading  tlus  statement  I  bad  operated  upon  sixteen 
tubes  of  bay  and  turnip-infusions,  and  upon  twenty-one  tubes  of  beef, 
mackerel,  eel,  oyster,  oatmeal,  malt,  and  potato,  bermetically  sealed 
wbile  boiling,  not  by  tbe  blowpipe,  but  by  tbe  far  more  bandy  spirit- 
lamp  flame.  In  no  case  was  any  appearance  wbatever  of  Bacteria  or 
allied  organisms  observed.  Tbe  perusal  of  tbe  discussion  just  re- 
ferred to  caused  me  to  turn  again  to  muscle,  liver,  and  kidney,  with  a 
view  of  varying  and  multiplying  the  evidence.  Fowl,  pheasant,  snipe, 
partridge,  plover,  wild  duck,  beef,  mutton,  heart,  tongue,  lungs,  brains, 
sweetbread,  tripe,  the  crystalline  lens,  vitreous  humour,  herring, 
haddock,  mullet,  codfish,  sole,  were  all  embraced  in  the  experiments. 
There  was  neither  mistake  nor  ambiguity  about  the  result.  On 
January  13th  one  hundred  and  thirty-nine  of  the  flasks  operated  on 
were  submitted  to  the  Fellows  of  the  Boyal  Society,  and  not  one  of 
this  cloud  of  witnesses  offered  the  least  countenance  to  the  assertion 
that  liquids  within  flasks,  boiled  and  hermetically  sealed,  swarm,  sub- 
sequently, more  or  less  plentifully  with  Bacteria  and  allied' organisms. 

In  connection  with  these  experiments,  I  have  sought,  to  the  best 
of  my  ability,  to  meet  every  condition  and  requirement  laid  down  by 
others  as  essential  to  success.  With  regu^  to  the  question  of 
temperature,  90^  were  generally  attainable  in  our  laboratory,  while  on 
certain  days  of  mild  weather  without,  and  in  favourable  positions 
within,  the  temperature  to  which  the  infusions  were  subjected  reached 
over  100^  Fahr.  As  Dr.  Bastian,  however,  has  recently  laid  con- 
siderable stress  on  temperature,  though  most  of  bis  results  were 
obtained  with  temperatures  from  15°  to  30^  lower  than  mine,*  I 
thought  it  desirable  to  meet  this  new  requirement  also.  The  sealed 
tubes,  which  had  proved  barren  in  the  Hoyal  Institution,  were  sus- 
pended in  boxes  copiously  perforated,  so  as  to  permit  of  the  free 
circulation  of  warm  air,  and  placed  under  the  supervision  of  an 
intelligent  assistant  in  the  Turkish  Bath  in  Jermyn  Street  The 
washing  room  of  the  establishment  was  found  to  be  particularly- 
suitable  for  our  purpose;  and  here,  accordingly,  the  boxes  were 
suspended.  From  two  to  six  days  are  allowed  by  Dr.  Bastian  for  the 
generation  of  organisms  in  hermetically  sealed  tubes.  Mine  remained 
in  the  washing  room  for  nine  days.  Thermometers  placed  in  the 
boxes,  and  read  off  twice  or  three  times  a  day,  showed  the  temperature 
to  vary  from  a  minimum  of  101^  to  a  maximum  of  112°  Ff^.  At 
the  end  of  nine  days  the  infusions  were  as  clear  as  at  the  be- 
ginning. 

They  were  then  removed  to  another  position  where  the  tempe- 
rature was  a  few  degrees  higher.  Dr.  Bastian  mentions  115°  as 
favourable  to  spontaneous  generation.  For  fourteen  days  the 
temperature  hovered  about  this  point,  falling  once  as  low  as  106°, 
reaching  116°  on  three  occasions,  118°  on  one,  and  119°  on  two. 

*  '  Pioc.  Boy.  Soc.'  vol.  xzi.  p.  130.    Also  *  Beginnings  of  life/  vol.  i.'p.  354. 
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The  result  was  qnite  the  same  as  that  reooided  a  moment  ago.    The 
higher  temperatures  proyed  perfectly  incompetent  to  develop  life.* 

Fifty-six  obseryations,  including  both  the  maximum  and  miniTniiTn 
thermometers,  were  taken  while  the  tubes  occupied  their  first  position 
in  the  washing  room,  and  seventy-four  while  they  occupied  the  second 
position.  The  whole  record,  carefully  drawn  out,  is  before  me,  but 
I  trust  the  statement  of  the  major  and  minor  limits  of  temperature 
will  suffice. 

Dr.  Bastian's  demand  for  these  high  temperatures  is,  as  already 
remarked,  quite  recent.  Prior  to  my  communication  to  the  Eoyal 
Society  on  January  13,  he  had  succesi^ully  worked  with  temperatures 
lower  than  those  within  my  reach  in  Albemarle  Street  There  I 
followed  his  directions,  adhered  strictly  to  his  prescriptions,  but, 
taking  care  to  boil  and  seal  my  liquids  aright,  his  results  refused  to 
appear  in  my  experiments.  On  learning  this,  he  raised  an  objection 
as  to  temperature,  and  made  a  new  demand.  WiUi  this  I  have 
complied,  but  his  position  is  unimproved. 

With  regard  to  the  question  of  concentration,  which  was  always 
brought  into  prominence,  I  have  already  referred  to  the  great  diver- 
sity in  this  particular  presented  by  all  my  infusions,  through  their 
slow  evaporation.  But  more  than  a  general  conformity  to  pre- 
scribed conditions  was  observed  here  also.  The  strength  of  an 
infusion  is  regarded  as  fixed  by  its  specific  gravity,  and  I  have 
worked  with  infusions  of  precisely  the  same  specific  gravity  as  those 
employed  by  Dr.  Bastian.  This  1  was  specially  careful  to  do  in 
relation  to  ihe  experiments  described  and  vouched  for,  I  fear  incau- 
tiously, by  Dr.  Burden  Sanderson  in  vol.  vii.  p.  180  of  '  Nature.'  It 
will  there  be  seen  that  though  failure  attended  some  of  his  efforts. 
Dr.  Bastian  did  satisfy  Dr.  Sanderson  that  in  boiled  and  hermetically 
sealed  flasks  Bacteria  sometimes  appear  in  swarms.  With  purely 
liquid  infusions  I  have  vainly  sought  to  reproduce  the  evidence  which 
convinced  Dr.  Sanderson.  Hay  and  turnip-infusions,  of  accurately 
the  same  character  and  strength  as  those  employed  on  the  occasion 
referred  to,  were  prepared,  boUed  in  an  oil  bath,  carefully  sealed  up, 
and  subjected  to  the  proper  temperatures.  In  multiplied  experiments 
they  remained  uniformly  sterile.  I  am  therefore  compelled  to  infer 
that  the  instances  in  which  Dr.  Bastian  fiedled  to  obtain  Bacteria  in 
his  hermetically  sealed  tubes  were  illustrations  of  correct  experi- 
menting, the  appearance  of  life  in  other  cases  being  the  result  of 
errors  of  manipulation. 

The  evidence  furnished  by  this  mass  of  experiments,  that  Dr. 
Bastian  must  have  permitted  errors  either  of  preparation  or  observa- 
tion  to  invade  his  work  is,  I  submit,  very  strong.  But  to  err  is  human ; 
and  in  an  inquiry  so  difficult  and  fiiuught  with  such  momentous  issues, 

*  Hy  thanks  are  doe  to  the  mauagers  of  the  bath  for  their  obliging  kindneaa 
bet  this  matter. 

Vol.  VIIL    (No.  64.)  o 


Digitized  by  VjOOQIC 


18  Frofe890T  TyndaU  on  the  Optical  Condition  of  the       [Jan.  21, 

it  is  not  error,  but  the  persistence  in  error  by  any  of  as,  for  dialectic 
ends,  that  is  to  be  deprecated.  Let  me  here  show,  by  one  or  two 
illustrations,  the  risks  of  error  to  which  I  have  been  exposed.  On 
October  21st  I  opened  the  back  door  of  a  case  containing  six  test- 
tubes  filled  with  an  infusion  of  turnip  which  had  remained  per- 
fectly clear  for  three  weeks,  while  three  days  sufficed  to  crowd  six 
similar  tubes  exposed  to  mote-laden  air  with  Bacteria.  With  a  small 
pipette  I  took  specimens  from  the  pellucid  tubes,  and  placed  them 
under  the  microscope.  The  first  tube  examined  diowed  no  signs  of 
life.  This  was  the  result  expected ;  but  I  was  by  no  means  prepared 
for  the  deportment  of  the  second  tube.  Here  the  exhibition  of  life 
was  monstrously  copious.  There  were  numerous  globular  organ- 
isms, which  reyolyed,  rotated,  and  quiyered  in  the  most  extraordinary 
manner.  There  were  also  numbers  of  liyely  Bacteria  darting  to 
and  fro.  An  experimenter  who  ponders  his  work  and  reaches  his 
conclusions  slowly  cannot  immediately  relinquish  them ;  and  in  the 
present  instance  some  time  was  required  to  conyince  me  that  1  had 
made  no  mistake.  I  could  find  none,  and  was  prepared  to  accept  the 
conclusion  that  in  the  boiled  infusion,  despite  its  clearness,  life  had 
appeared. 

But  in  a  protected  turnip-infusion,  which  had  been  examined 
on  October  13th,  no  trace  of  life  could  bo  found.  Perfect  trans- 
parency was  then  accompanied  by  an  utter  absence  of  life.  Indeed, 
the  selfisame  action  upon  light  that  enabled  the  Bacteria  to  show 
themselyes  in  the  microscope  must,  one  would  think,  infallibly 
produce  turbidity.  Why,  moreoyer,  should  life  be  absent  fix)m  the 
first  member  of  the  present  group  of  tubes  ?  I  searched  this  again, 
and  found  in  it  scanty  but  certain  signs  of  life.  This  augmented  my 
perplexity.  A  third  tube  also  showed  scanty  traces  of  life.  Reyerting 
to  the  second  tube,  where  life  had  been  so  copious,  I  found  that  in  it 
the  organisms  had  become  as  scanty  as  in  the  others.  I  confined 
myself  for  a  time  to  the  three  tubes  of  the  first  row  of  the  six,  going 
oyer  them  again  and  again ;  sometimes  finding  an  organism  here  and 
there,  but  sometimes  finding  nothing.  The  first  extraordinary  ex- 
hibition of  life  it  was  found  impossible  to  restore.  In  my  difficulty  I 
took  specimens  from  the  three  tubes,  and  sent  them  to  Professor  Huxley, 
with  a  request  that  he  would  be  good  enough  to  examine  them. 

On  the  22nd  my  search  was  extended  to  the  whole  of  the  tubes. 
Early  in  the  day  liyely  Bacteria  were  found  in  one  of  them  ;  later  on, 
not  one  of  the  six  yielded  to  my  closest  scrutiny  any  trace  of  life. 
On  the  eyoning  of  the  22nd  I  receiyed  a  note  from  Mr.  Huxley, 
stating  that  a  careful  examination  of  the  specimens  sent  to  him 
reyealed  no  liying  thing. 

Pipettes  had  been  employed  to  remoye  the  solution  from  the  test- 
tubes.  They  were  short  pieces  of  narrow  glass  tubing,  drawn  out  to 
a  point,  with  a  few  inches  of  indiarubber  tubing  attached  to  them. 
This  was  found  conycnient  for  bending,  so  as  to  reach  the  bottom  of 
the  test-tubes.     Suspicion  fell  upon  this  indiarubber.     I  washed  it. 
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and  examined  the  washing  water,  but  fonnd  no  life.  Distilled  water 
had  been  nsed  to  cleanse  £e  pipettes,  and  on  the  morning  of  the  23rd 
I  entered  the  laboratory  intending  to  examine  it.  Before  dipping 
the  pipette  into  the  water  I  looked  at  its  point.  The  tiniest  drop 
had  remained  in  it  by  capillary  attraction  from  the  preceding  day. 
This  I  blew  on  to  a  sHde,  covered  it,  and  placed  it  under  the  micro- 
scope. An  astonishing  exhibition  of  life  was  my  reward.  Thus  on 
the  scent,  I  looked  through  my  pipettes,  and  found  two  more  with 
the  smallest  residual  drops  at  the  ends  ;  both  of  them  yielded  a  field 
rampant  with  life.  The  Bacteria  darted  in  straight  lines  to  and  fro, 
bending  right  and  left  along  the  line  of  motion,  wriggling,  rotating 
longitudinally,  and  spinning  round  a  vertical  transverse  axis.  Monads 
also  galloped  and  quivered  through  the  field.  From  one  of  these 
tiny  specks  of  liquid  I  obtained  an  exhibition  of  life  not  to  be  dis- 
tinguished from  that  which  had  astonished  me  on  the  21st. 

Obviously  the  phenomenon  then  observed  was  due  to  the  em- 
ployment of  an  unclean  pipette.  Equally  obvious  is  it  that  in 
inquiries  of  this  nature  the  experimenter  is  beset  with  danger,  the 
gross^t  errors  being  possible  when  there  is  the  least  lack  of  care. 

Three  tubes  containing  infusions  of  turnip,  hay,  and  mutton, 
were  boiled  on  November  2nd  under  a  jar-bell  containing  air  so  care- 
fully filtered  that  the  most  searching  examination  by  a  concentrated 
beam  failed  to  reveal  a  particle  of  floating  matter.  At  the  present 
time  every  one  of  the  tubes  is  thick  with  mycelium  and  covered  with 
mould.  Here  surely  we  have  a  case  of  spontaneous  generation.  Let 
us  look  to  its  history. 

After  the  air  has  been  expelled  from  a  boiling  liquid  it  is  difficult 
to  continue  the  ebullition  without  "  bumping."  The  liquid  remains 
still  for  intervals,  and  then  rises  with  sudden  energy.  It  did  so  in 
the  case  now  under  consideration,  and  one  of  the  tubes  boiled  over,  the 
liquid  overspreading  the  resinous  surface  in  which  the  bell-jar  was 
imbedded.  For  three  weeks  the  infusions  had  remained  perfectly 
clear.  At  the  end  of  this  time,  with  a  view  of  renewing  the  air  of 
the  jar,  it  was  exhausted,  and  refilled  by  fresh  air  which  had  passed 
through  a  plug  of  cotton-wool.  As  the  air  entered,  two  small  spots 
of  penicillium  resting  on  the  fluid  which  had  boiled  over  attracted 
attention.  I  at  once  remarked  that  the  experiment  was  a  dangerous 
one,  as  the  entering  air  would  probably  detach  some  of  the  spores  of 
the  penicillium  and  difluse  them  in  the  bell-jar.  This  was,  therefore, 
fiUed  very  slowly,  so  as  to  render  the  disturbance  a  minimum.  Next 
day,  however,  a  tuft  of  mycelium  was  observed  at  the  bottom  of  one 
of  the  three  tubes,  namely,  that  containing  the  hay-infusion.  It  has 
by  this  time  grown  so  as  to  fill  a  large  portion  of  the  tube.  For 
nearly  a  month  longer  the  two  tubes  containing  the  turnip  and 
mutton-infusions  maintained  their  transparency  unimpaired.  Late 
in  December  the  mutton-infiision,  which  was  in  dangerous  proximity 
to  the  outer  mould,  showed  a  tuft  upon  its  surface.     The  tumip- 
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infiision  oontinued  bright  and  dear  for  nearly  a  fortnight  longer. 
The  recent  cold  weather  caused  me  to  add  a  third  gasHstore  to  the 
two  which  had  previonsly  warmed  the  room  in  which  &e  experiments 
are  conducted.  The  warmth  played  upon  one  side  of  the  bell-jar, 
causing  currents  within  it ;  and  the  day  after  the  lighting  of  the  stove 
the  turnip-infusion  gave  birth  to  a  tuft  of  mycelium.  In  this  case 
the  small  spots  of  penicillium  might  have  readily  escaped  attention  ; 
and  had  they  done  so  we  should  have  had  three  cases  of  "  spontaneous 
generation  "  far  more  striking  than  many  that  have  been  adduced. 

In  further  illustration  of  the  danger  incurred  in  this  field  of 
inquiry,  I  may  refer  to  the  excellent  paper  of  Dr.  Boberts  on  Bio- 
genesis, in  the '  Philosophical  Transactions '  for  1874.  Dr.  Boberts  fills 
the  bulb  of  an  ordinary  pipette  up  to  about  two-thirds  of  its  capacity 
with  the  infusion  to  be  examined.  In  the  neck  of  the  pipette  he  places 
a  plug  of  dry  cotton-wool.  He  then  hermetically  seals  the  neck  and 
dips  the  bulb  into  boiling  water  or  hot  oil,  where  he  permits  it  to 
remain  for  the  requisite  time.  Here  we  have  no  disturbance  from 
ebullition,  and  no  loss  by  evaporation.  The  bulb  is  removed  from  the 
hot  water  and  pennitted  to  cool.  The  sealed  end  of  the  neck  is  then 
filed  o£^  the  cotton-wool  alone  interposing  between  the  infusion  and 
the  atmosphere. 

The  arrangement  is  beautiful,  but  it  has  one  weak  point.  Cotton- 
wool free  from  germs  is  not  to  be  found,  and  the  plug  employed  by 
Dr.  Boberts  infallibly  contained  them.  In  the  gentle  movement  of 
the  air  to  and  fro  as  the  temperature  changed,  or  by  any  shock,  jar,  or 
motion  to  which  the  pipette  might  be  subjected,  we  have  oertunly  a 
cause  sufficient  to  detach  a  germ  now  and  then  from  the  cotton-wool 
which,  falling  into  the  infusion,  would  produce  its  effect.  Probably, 
also,  condensation  occurred  at  times  in  the  neck  of  the  pipette,  the 
water  of  condensation  carrying  back  from  the  cotton-wool  the  seeds  of 
life.  The  t^ct  of  fertilization  being  so  rare  as  Dr.  Boberts  found  it 
to  be  is  a  proof  of  the  care  with  which  his  experiments  were  con- 
ducted. But  he  did  find  cases  of  fertilization  after  prolonged  exposure 
to  the  boiling  temperature ;  and  this  caused  him  to  come  to  the  con- 
clusion that  under  certain  rare  conditions  spontaneous  generation  may 
occur.  He  also  found  that  an  alkalized  hay-infusion  was  so  difficult 
to  sterilize  that  it  was  capable  of  withstanding  the  boiling  tempera- 
ture for  hours  without  losing  its  power  of  generating  life.  Careful 
experiments  have  been  made  with  this  infusion.  Dr.  Boberts  is  cer- 
tainly correct  in  assi^iing  to  it  superior  nutritive  power.  But  in  the 
present  inquiry  five  minutes'  boiling  sufficed  to  completely  sterilize  the 
liquid. 

I  shall  hardly  be  charged  with  any  desire  to  limit  the  power  and 
potency  of  matter  in  regud  to  life.  But  holding  the  opinions  I  do 
hold  on  this  question,  it  is  all  the  more  incumb^t  on  me  to  affirm 
that,  as  fiur  as  experimental  inquiry  has  hitherto  penetrated,  life  has 
never  been  proved  to  appear  independently  of  antecedent  life. 
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With  regard  to  the  general  diffdsion  of  germs  in  the  atmosphere, 
the  notions  entertained  by  distinguished  writers  rendered  it  desirable 
to  place  the  point  beyond  question.  At  Down,  Mr.  Darwin,  and  Mr. 
Francis  Daiwin;  at  High  Ehns,  Sir  John  Lnbbock;  at  Sherwood, 
near  Tmibridge  Wells,  Mr.  Siemens;  at  Pembroke  Lodge,  Eichmond 
Park,  Mr.  BoUo  Bnssell;  at  Heathfield  Park,  Miss  Hamilton;  at 
Greenwidi  Hospital,  Mr.  Hirst ;  at  Eew,  Dr.  Hooker ;  and  at  the 
Grystal  Palace,  Mr.  Price,  kindly  took  charge  of  infosions,  every  one 
of  which  was  invaded,  many  of  thenr  by  astounding  swarms  of 
organisms. 

To  obtain  more  definite  insight  regarding  the  difiEtision  of  atmo- 
spheric germs,  a  square  wooden  tray  was  pierced  with  one  hundred 
lu>le8,  into  each  of  which  was  dropped  a  short  test-tnbe.  On  October 
28rd,  thirty  of  these  tabes  were  ^ed  with  an  infusion  of  hay,  thirty- 
five  with  an  infusion  of  turnip,  and  thirty-five  with  an  iidfiision  of 
beeC  The  tubes,  with  their  infusions,  had  been  previously  boiled, 
ten  at  a  time,  in  an  oil-bath.  One  hundred  circles  were  marked  on 
paper  so  as  to  form  a  map  of  the  tray,  and  every  day  the  state  of  each 
tube  was  registef^  upon  the  corresponding  circle.  In  the  following 
description  the  term  ''cloudy"  is  used  to  denote  the  first  stage  of 
turbidity;  distinct,  but  not  strong.  The  term  "muddy"  is  used  to 
denote  thick  turbidity. 

One  tube  of  the  hundred  was  first  singled  out  and  rendered  muddy. 
It  belonged  to  the  beef  group,  and  it  was  a  whole  day  in  advance  of 
all  the  other  tubes.  The  progress  of  putrefaction  was  first  registered 
on  October  26th ;  the  ^  map  "  then  taken  may  be  thus  describ^ : 

Hay, — Of  the  thirty  specimens  exposed,  one  had  become  ^  muddy  " 
— the  seventh  in  the  middle  row  reckoning  from  the  side  of  the  tray 
nearest  the  stove.  Six  tubes  remained  pwfectly  clear  between  this 
muddy  one  and  the  stove,  proving  that  differences  of  warmth  may  be 
overridden  by  other  causes.  Every  one  of  the  other  tubes  containing 
the  hay-infusion  showed  spots  of  mould  upon  the  clear  liquid. 

Twmip, — Pour  of  the  thirty-five  tubeis  were  very  muddy,  two  of 
them  being  in  the  row  next  the  stove,  one  four  rows  distant,  and  the 
remaining  one  seven  rows  away.  Besides  these,  six  tubes  had  become 
clouded.    There  was  no  mould  on  any  of  the  tubes. 

JBee/l— One  tube  of  the  thirty-five  was  quite  muddy,  in  the  seventh 
row  from  the  stove.  There  were  three  cloudy  tubes,  while  seven  of 
them  bore  spots  of  mould. 

As  a  general  rule,  organic  infusions  exposed  to  the  air  during  the 
autumn  remained  for  two  days  or  more  perfectly  clear.  Doubtless  from 
the  first  germs  fell  into  them,  but  they  required  time  to  be  hatched. 
This  period  of  clearness  may  be  called  the  ''  period  of  latency,"  and 
indeed  it  exactly  corresponds  with  what  is  understood  by  this  term 
in  medicine.  Towards  the  end  of  the  period  of  latency,  the  HeJI  into 
a  state  of  disease  is  comparatively  sudden ;  the  infusion  passing  from 
perfect  clearness  to  cloudiness  more  or  lees  dense  in  a  few  hours. 

Thus  the  tube  placed  in  Mr.  Darwin's  possession  was  clear  at 
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8.80  A.M.  on  October  19th,  and  cloudy  at  4.80  p.m.  Seven  hours, 
moreover,  after  the  first  record  of  onr  tray  of  tubes,  a  marked  change 
had  occurred.  Instead  of  one,  eight  of  the  tubes  containing  hay- 
infusion  had  fallen  into  uniform  muddiness.  Twenty  others  had 
produced  Bacterial  slime,  which  had  sunk  to  the  bottom,  every  tube 
containing  the  slime  being  covered  by  mould.  Three  tubes  only 
remained  clear,  but  with  mould  upon  their  surfaces.  The  muddy 
turnip-tubes  had  increased  from  four  to  ten ;  seven  tubes  were 
clouded,  while  eighteen  of  them  remained  clear,  with  here  and  there  a 
speck  of  mould  on  the  surface.  Of  the  beef,  six  were  cloudy  and  one 
thickly  muddy,  while  spots  of  mould  had  formed  in  the  majority  of  the 
remaining  tubes.  Fifteen  hours  subsequent  to  this  observation,  viz. 
on  the  morning  of  October  27th,  all  the  tubes  containing  hay-infusion 
were  smitten,  though  in  different  degrees,  some  of  them  being  much 
more  turbid  than  others.  Of  the  turnip-tubes,  three  only  remained 
unsmitten,  and  two  of  these  had  mould  upon  their  surfaces.  Only  one 
of  the  thirty-five  beef-infusion  remained  intact.  A  change  of  occu- 
pancy, moreover,  had  occurred  in  the  tube  which  first  gave  way.  Its 
muddmess  remained  grey  for  a  day  and  a  half,  then  it  changed  to 
bright  yellow  green,  and  it  maintamed  this  colour  to  the  end.  On 
the  27th  every  tube  of  the  hundred  was  smitten,  the  majority  with 
uniform  turbidity ;  some,  however,  with  mould  above  and  slime  below, 
the  intermediate  liquid  being  tolerably  clear.  The  whole  process 
bore  a  striking  resemblance  to  the  propagation  of  a  plague  among 
a  population,  the  attacks  being  successive  and  of  different  degrees  of 
virulence. 

From  the  irregular  manner  in  which  the  tubes  are  infected,  we 
may  infer  that,  as  regards  quantity,  the  distribution  of  the  germs  in 
the  air  is  not  uniform.  The  singling  out,  moreover,  of  one  tube  of 
the  hundred  by  the  particular  Bacteria  that  develop  a  green  pigment, 
shows  that,  as  regai^  quality,  the  distribution  is  not  uniform.  The 
same  absence  of  uniformity  was  manifested  in  the  struggle  for  existence 
between  the  Bacteria  and  the  penicillium.  In  some  tubes  the  former 
was  triumphant ;  in  other  tubes  of  the  same  infusion  the  latter  was 
triumphant.  It  would  seem  also  as  if  a  want  of  uniformity  as  regards 
vital  vigour  prevailed.  With  the  self-same  infusion  the  motions  of  the 
Bacteria  in  some  tubes  were  exceedingly  languid,  while  in  other  tubes 
they  resembled  a  rain  of  projectiles,  being  so  rapid  and  violent  as  to 
be  followed  with  dif&culty  by  the  eye.  Beflecting  on  the  whole  of 
this,  I  conclude  that  the  germs  float  through  me  atmosphere  in 
^oups  or  clouds,  with  spaces  more  sparsely  filled  between  them. 
The  touching  of  a  nutritive  fluid  by  a  Bacterial  doud  would  naturally 
have  a  different  effect  from  the  touching  of  it  by  the  interspace 
between  two  clouds.  But  as  in  the  case  of  a  mottled  sky,  the 
various  portions  of  the  landscape  are  successively  visited  by  shade, 
so,  in  the  long  run,  were  the  various  tubes  of  the  tray  touched  by  the 
Bacterial  clouds,  the  final  fertilization  or  infection  of  them  all  being 
the  consequence.    These  results  connect  themselves  with  the  experi- 
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ments  of  Pasteur  on  the  non-continuity  of  the  cause  of  so-called  spon- 
ianeoos  generation,  and  with  other  experiments  of  my  own.* 

On  the  9th  of  November  a  second  tray  containing  one  hnndred 
tubes  filled  with  an  infusion  of  mutton  was  exposed  to  the  air. 
On  the  morning  of  the  11th  six  of  the  ten  nearest  the  stove  had  given 
way  to  putrefaction.  Three,  of  the  row  most  distant  from  the  stove, 
had  yielded,  while  here  and  there  over  the  tray  particular  tubes  were 
singled  out  and  smitten  by  the  infection.  Of  the  whole  tray  of  one 
hundred  tubes,  twenty-seven  were  either  muddy  or  cloudy  on  the 
11th.  Thus,  doubtless,  in  a  contagious  atmosphere,  are  individuals 
successively  struck  down.  On  the  12th  all  the  tubes  had  given  way, 
but  the  differences  in  their  contents  were  extraordinary.  All  of  them 
contained  Bacteria,  some  few,  others  in  swarms.  In  some  tubes  they 
were  slow  and  sicldy  in  their  motions,  in  some  apparently  dead,  while 
in  others  they  darted  about  with  rampant  vigour.  These  differences 
are  to  be  referred  to  differences  in  the  germmal  matter,  for  the  same 
infusion  was  presented  everywhere  to  the  air.  Here  also  we  have  a 
picture  of  what  occurs  during  an  epidemic,  the  difference  in  number 
and  energy  of  the  Bacterial  swarms  resembling  the  varying  intensity 
of  the  disease.  It  becomes  obvious  from  these  experiments  that  of  two 
individuals  of  the  same  population,  exposed  to  a  contagious  atmosphere, 
the  one  may  be  severely,  the  other  lightly  attacked,  though  the  two 
individuals  may  be  as  identical  as  regards  susceptibility  as  two  samples 
of  one  and  the  same  mutton-infusion.  Experiments  with  other  trays 
are  described  in  the  full  account  of  this  investigation,  and  calculations 
are  made  which  prove  the  error  of  the  assertion  that  the  germs  are 
but  scantily  distributed  through  the  air.  There  are  billions  of  them 
in  every  ordinary  London  room. 

The  parallelism  of  these  actions  with  the  progress  of  infectious 
disease  may  be  traced  still  further.  The  '  Times  of  January  17th 
contained  a  letter  on  typhoid  fever,  signed  ''M.D.,"  in  which 
occurred  the  following  remarkable  statement: — "In  one  part  of 
it  (Edinburgh),  congregated  together  and  inhabited  by  the  lowest 
of  the  population,  there  are,  according  to  the  Corporation  return  for 
1874,  no  less  than  14,319  houses  or  dwellings — ^many  under  one  roof, 
on  the  '  flat '  system — ^in  which  there  are  no  house  connections  what- 
ever with  the  street  sewers,  and,  consequently,  no  water-closets.  To 
this  day,  therefore,  all  the  excrementitious  and  other  refuse  of  the 

*  In  hospital  praotioe  the  opening  of  a  wound  daring  the  passage  of  a 
Baeterial  cloud  would  have  an  efiect  veiy  different  from  the  opening  of  it  in  the 
intenmce  between  two  clouds.  Certain  caprices  in  the  behaviour  of  dressed 
wonnoB  may  possibly  be  accounted  for  in  this  way.  Under  the  heading,  ^  Nothing 
new  under  the  Sun,"  Professor  Huxley  has  just  sent  me  the  following  remarkable 
extract : — **  Uebrigens  kann  man  sich  die  in  der  Atmosph'are  schwimmenden 
Thierdien  wie  Wolken  denken,  mit  denen  ganz  leere  Luftmassen,  ja  f^nze  Tage 
ToHig  reinen  liuftverhaltnisse  wechseln."  (Ehrenberg,  'Infusions  Thierchen,' 
1838,  p.  525.)  The  coincidence  of  phraseology  is  surprising,  for  I  knew  nothing 
of  JEhr«nherg'8  conception.  My  **  clouds,"  however,  are  but  small  miniatures  of 
his. 
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inliabitants  is  collected  in  pails  or  pans,  and  remains  in  their  midflt, 
generally  in  a  partitioned-off  comer  of  ihe  liying  room,  antU  the  next 
day,  when  it  is  taken  down  to  the  streets  and  emptied  into  the  Corpo- 
ration carts.  Drunken  and  yicions  though  the  population  be,  herded 
together  like  sheep,  and  with  the  filth  collected  and  kept  for  twenty- 
fonr  hours  in  their  very  midst,  it  is  a  remarkable  fact  that  typhoid 
ferer  and  diphtheria  are  simply  unknown  in  these  wretched  hovels." 

This  case  has  its  analogue  in  the  following  experiment,  which  is 
representatiye  of  a  class.  On  November  30th  a  quantity  of  animal 
reftise,  embracing  beef,  fish,  rabbit,  hare,  was  placed  in  two  large  test- 
tubes  opening  into  a  protecting  chamber  containing  six  tubes.  On 
December  13th,  when  the  refuse  was  in  a  state  of  noisome  putrefiio- 
tion,  infusions  of  whiting,  turnip,  beef^  and  mutton  were  placed  in  the 
other  four  tubes.  They  were  boiled  and  abandoned  to  the  action  of 
the  foul ''  sewer  gas  "  emitted  by  their  two  putrid  companions.  On 
Christmas  Day  i£e  four  infusions  were  limpicL  The  end  of  the  pipette 
was  then  dipped  into  one  of  the  putrid  tubes,  and  a  quantity  of  matter, 
comparable  in  smallness  to  the  pock-lymph  held  on  the  point  of  a 
lancet,  was  transferred  to  the  turnip.  Its  deamess  was  not  sensibly 
affected  at  the  time ;  but  on  the  following  day  it  was  turbid  throughout. 
On  the  27th  a  speck  from  the  infected  turnip  was  transferred  to  the 
whiting;  on  the  28th  disease  had  taken  entire  possession  of  the 
whiting.  To  the  present  hour  the  beef  and  mutton  tubes  remain  as 
limpid  as  distilled  water.  Just  as  in  the  case  of  the  living  men  and 
women  in  Edinburgh,  no  amount  of  fetid  gas  had  the  power  of  propa- 
gating the  plague,  as  long  as  the  organisms  which  constitute  the  true 
contagium  did  not  gain  access  to  the  infusions. 

The  rapidity  of  development  in  an  infusion  infected  by  either 
a  speck  of  liquid  containing  Bacteria  or  a  drop  of  water  is  extra- 
ordinary. On  January  4th  a  thread  of  glass  almost  as  fine  as  a  hair 
was  dipped  into  a  cloudy  tumip-infasion,  and  the  tip  only  of  the  glass 
fibre  was  introduced  into  a  lai^e  test-tube  containing  an  infusion  of 
red  mullet.  Twelve  hours  subsequently  the  perfectly  pellucid  liquid 
was  cloudy  throughout.  Precisely  the  same  experiments  were  miade 
with  herring,  with  the  same  result.  At  this  season  of  the  year  several 
days'  exposure  to  the  air  are  needed  to  produce  the  same  effect  On 
December  31st  a  strong  turnip-infusion  was  prepared  by  digesting  in 
distilled  water  at  a  temperature  of  120°  Fahr.  The  infusion  was  divided 
between  four  large  test-tubes,  in  one  of  which  it  was  left  unboiled, 
in  another  boiled  for  ^Ye  minutes,  and  in  the  two  remaining  ones 
boiled,  and  after  cooling  infected  with  one  drop  of  beef-infdsion  con- 
taining Bacteria.  In  twenty-four  hours  the  unboiled  tube  and  the  two 
infect^  ones  were  cloudy,  the  unboiled  tube  being  the  most  turbid 
of  the  three.  The  infusion  here  wa^  peculiarly  limpid  after  digestion ; 
for  turnip  it  was  quite  exceptional,  and  no  amount  of  searching  with 
the  microscope  sufficed  to  reveal  in  it  at  first  the  trace  of  a  living  Bacte- 
rium ;  still  germs  were  there  which,  suitably  nourished,  pasi^  in  a 
single  day  into  Bacterial  swarms  without  number^    Five  days  did  not 
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snffioe  to  prodnoe  an  effect  approximately  eqnal  to  this  in  the  boiled 
tube,  wlii(di  was  uninfected  bnt  exposed  to  the  common  laboratory  air. 

We  are  here  brought  fiice  to  face  with  a  question  of  extreme  im- 
portance, which  it  will  be  nseM  to  clear  up.  '*  Potential  germs  "  and 
'*  hypothetical  germs "  have  been  spoken  of  with  scorn,  because  the 
eridenoe  of  the  microscope  as  to  their  existence  was  not  forthcoming. 
Sagacious  writers  had  drawn  from  their  experiments  the  perfectly 
legitimate  inference  that  in  many  cases  the  germs  exist,  though  the 
microsoope  fails  to  reveal  them.  Such  inferences,  however,  have  been 
treated  as  the  pure  work  of  the  imagination,  resting,  it  was  alleged,  on 
no  real  basis  of  fiict.  But  in  the  concentrated  beun  we  possess  what 
is  Yirtually  a  new  instrument,  exceeding  the  xnicrosoope  indefinitely 
in  power.  Directing  it  upon  media  which  refuse  to  give  the  coarser 
instrument  any  information  as  to  what  they  hold  in  suspension,  these 
media  declare  themselves  to  be  crowded  with  particles— not  hypo- 
thetical, not  potential,  but  actual,  and  myriadfold  in  number — showing 
the  microecopist  that  there  is  a  world  beyond  even  his  range. 

The  infection  of  dear  infusions  by  others  containing  visible 
Bacteria  has  been  just  referred  ta  But  for  the  infection  to  be  sure 
it  is  not  necessary  that  the  Bacteria  should  be  visible.  Over  and  over 
again  I  have  repeated  the  experiments  of  Dr.  Burden  Sanderson  on  the 
iiiective  power  of  ordinary  distilled  water,  in  which  the  microscope 
fails  to  reveal  a  Bacterium.  The  water,  for  example,  furnished  to 
the  Boyal  Institution  laboratory  by  Messrs.  Hopkin  and  Williams  is 
sensibly  as  infectious  as  an  infusion  swarming  with  Bacteria. 

Perhaps  the  severest  experiment  of  this  kind  ever  made  was  one 
executed  by  Dr.  Sanderson  with  water  prepared  by  myself.  In  1871 
I  sought  anxiously  and  assiduously  for  water  free  from  suspended 
particles.  The  liquid  was  obtained  in  various  degrees  of  purity,  but 
never  entirely  pure.  Enowinff  the  wonderful  power  of  extrusion,  as 
r^ards  foreign  matter,  brought  into  play  by  water  in  crystallizing, 
the  thought  occurred  to  me  of  examining  the  liquid  derived  from  the 
fusion  of  the  most  transparent  ice.  Mr.  Oottrell,  at  my  request, 
arranged  the  following  apparatus  for  me:— Through  tiie  plate  of  an 
air-pump  (Fig..  4)  passed  air-tight  the  shank  of  a  large  funnel.  A 
small  glass  b^b,  B,  furnished  with  a  glass  stopcock,  was  attached  to 
the  shaok  of  the  funnel  below.  Prior  to  being  put  together  all  parts 
of  the  apparatus  had  been  scrupulously  cleansed.  In  the  funnel  was 
placed  a  block  of  ice,  I,  selected  for  its  transparency,  having  a  volume 
of  1000  cubic  inches  or  thereabouts,  and  over  the  ice  was  placed  an 
air-tight  receiver.  Several  times  in  succession  the  air  was  removed 
from  this  receiver,  its  place  on  each  occasion  being  taken  by  other  air 
carefully  filtered  through  cotion-wool.  The  transparent  ice  was  thus 
surrounded  by  moteless  air. 

The  ice  was  now  permitted  to  melt ;  its  water  trickled  into  the 
small  glass  bulb  below,  which  was  filled  and  emptied  a  great  number 
of  times.     From  the  very  heart  of  the  block  of  ice  the  water  was 
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finally  taken  and  Bubjectcd  to  the  Bcmtiny  of  the  concentrated  beam. 
It  proved  to  be  the  purest  liquid  I  had  ever  seen — probably  the  purest 
human  eye  had  ever  seen;  but  still  it  contained  myriads  of  ultra- 
microBOopio  particles.     The  track  of  the  beam  through  it  was  of  the 

Fio.  4. 


most  delicate  blue,  the  blue  light  being  perfectly  polarized.  It  could 
be  wholly  quenched  by  a  Nicol's  prism,  the  beam  then  passing  through 
the  liquid  as  through  a  vacuum.  A  comparison  of  the  light  with  that 
scattered  by  such  mastic  particles  as  those  above  referred  to,  proved 
the  suspended  particles  of  the  ice-water  to  be  far  smaller  than  those 
of  the  mastic.  No  microscope,  therefore,  could  come  near  thenu* 
Such  water,  however,  was  proved  by  Dr.  Sanderson  to  be  as  infectioua 
as  the  water  from  any  ordinary  tap. 

*  I  have  endeaYoured  to  convey  some  notion  of  the  smallness  of  these  scatter- 
ing particles  in  *  Fragments  of  Science/  1876,  pp.  441,  442,  443. 
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Infinitesinud  as  these  particles  are,  however,  they  may  be  separated 
by  mechanical  means  from  the  liquid  in  which  they  are  held  in 
sospension.  Filters  of  porons  earthenware,  such  as  the  porous  cells 
of  Bnnsen's  battery,  have  been  turned  to  important  account  in  the 
researches  of  Dr.  Zahn,  Professor  Elebs,  and  Dr.  Burden  Sanderson. 
In  Tarious  instances  it  has  been  proved  that,  as  regards  the  infection 
of  living  animals,  the  porous  earthenware  intercepts  the  contagium. 
For  the  living  anmuJ,  organic  infusions,  or  Pasteur's  solution,  may  be 
substituted.  Not  only  are  ice-water,  distilled  water,  and  tap  water 
thus  deprived  of  their  powers  of  infection,  but,  by  plunging  the  porous 
cell  into  an  inAision  swarming  with  Bacterial  life,  exhausting  the  cell, 
and  permitting  the  liquid  to  be  slowly  driven  through  it  by  atmo- 
spheric pressure,  the  filtrate  is  not  only  deprived  of  its  Bacteria,  but 
also  of  those  ultra-microscopic  particles  which  appear  to  be  as  potent 
for  infection  as  the  Bacteria  themselves.  The  precipitated  mastic 
particles  before  described,  which  pass  unimpeded  through  an  indefinite 
number  of  paper  filters,  are  wholly  intercepted  by  the  porous  celL 

These  germinal  particles  abound  in  every  pool,  stream,  and  river. 
All  parts  of  the  moist  earth  are  crowded  with  them.  Every  wetted 
surfiftoe  which  has  been  dried  by  the  sun  or  air  contains  upon  it  the 
particles  which  the  unevaporated  liquid  held  in  suspension.  From 
such  surfaces  they  are  detached  and  wafted  away,  their  universal  pre- 
valence in  the  atmosphere  being  thus  accounted  for.  Doubtless  ikej 
sometimes  attach  themselves  to  the  coarser  particles,  organic  and  in- 
organic, which  are  left  behind  along  with  them ;  but  they  need  no 
such  rafts  to  carry  them  through  the  air,  being  tiiemselves  endowed 
with  a  power  of  flotation  commensurate  with  their  extreme  smallness, 
and  the  specific  lightness  of  the  matter  of  which  they  are  composed. 

There  cannot,  moreover,  be  a  doubt  that  the  germs  in  the  air  differ 
widely  among  themselves  as  r^ards  preparedness  for  development. 
8ome  are  fresh,  others  old ;  some  are  dry,  others  moist.  Infected  by 
such  germs,  the  same  infdsion  would  require  different  lengths  of  time  to 
develop  Bacterial  life.  This  remark  applies  to  and  prolbably  explains 
the  different  degrees  of  rapidity  with  which  epidemic  disease  acts  upon 
different  people.  In  some  the  hatching  period,  if  it  may  be  called 
such,  is  long,  in  some  short,  the  differences  depending  upon  the  dif- 
ferent decrees  of  preparedness  of  the  contagium. 

Such  IS  an  outline  of  the  present  inquiry,  as  far  as  it  is  now  com- 
plete. It  gives  me  pleasure  to  refer  to  the  untiring  patience,  the 
admirable  mechanical  skill,  the  veracity  in  thought,  word,  and  deed 
displayed  throughout  by  my  assistant,  Mr.  John  Oottrell,  who  was 
lealously  aided  by  his  junior  colleague,  Mr.  Frank  Yalter. 

[J.  T.] 
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WEEKLY  EVENING  MEETING, 
Friday,  Jannary  28, 1876. 

The  Hon.  Sib  William  Bobebit  Gbote,  M.A.  D.O.L.  F.R.S. 
Just.  0.  P.,  Manager,  in  the  Chair. 

PBOFB880B  HUXLXT,  LLJ).   F.R.S. 

The  Border  Territory  between  the  Animal  and  ihe  Vegetable  Kingdoms* 

Thb  disoonrse  began  with  an  examination  of  the  distinctions  between 
the  animal  and  the  vegetable  kingdoms  set  forth  by  Onyier  in  the 
second  edition  of  the  'I^gne  Animal,'  published  in  1828.  He  charac- 
terizes animals  by  their  possession  of  (1)  Mobility  and  an  alimentary 
cavity  or  reservoir  of  food ;  (2)  A  oirculatoiy  system ;  (8)  A  body  of 
more  complex  chemical  composition  than  plants,  with  an  additional 
element,  nitrogen ;  and  (4)  Respiration—that  is,  the  absorption  of 
oxygen  and  the  exhalation  of  carbonic  acid. 

The  progress  of  biological  science  and  the  application  of  the 
microscope  Iwve  abolished  idl  these  distinctions. 

1.  Lmomerable  plants  and  free  plant  cells  are  now  known  to  pass 
the  whole  or  part  of  their  lives  in  an  actively  locomotive  condition; 
and  their  movements  are,  to  all  appearance,  as  spontaneous  as  those 
of  animals.  Many  animals  of  even  complex  structure,  which  live 
parasitically  within  others,  are  wholly  devoid  of  an  alimentary  cavity. 
The  males  of  most  rotifers  have  no  digestive  apparatus ;  and  amidst 
the  lowest  forms  of  animal  life  the  speck  of  gelatinous  protoplasm, 
which  constitutes  the  whole  body,  has  no  permanent  digestive  cavity 
or  mouth,  but  takes  in  its  food  anywhere,  and  digests,  so  to  speak, 
all  over  its  body. 

2.  Cuvier  himself  practically  gives  up  his  second  distinctive  mark 
when  he  admits  that  it  is  wanting  in  the  simpler  animals. 

8.  It  is  now  established  that  nitrogen  is  as  essential  a  constituent 
of  vegetable  as  of  animal  living  matter ;  and  that  the  latter  is,  chemi- 
cally speaking,  just  as  complicated  as  the  former. 

4.  The  green  plant  decomposes  carbonic  acid  and  exhales  oxygen, 
while  tiie  animal  absorbs  oxygen  and  exhales  carbonic  acid ;  yet  the 
difference  vanishes  with  the  sunshine,  even  in  the  case  of  ihe  green 
pluit,  which,  in  the  dark,  absorbs  oxygen  and  gives  out  carbonic 
acid  like  any  animaL  While  those  plants,  such  as  the  fungi,  which 
contain  no  chlorophyll  and  are  not  green,  absorb  oxygen  and  give  out 
carbonic  add. 

*  The  fall  disooune  is  given  in  '  MAcmillan's  Magaiine/  Febraary,  1876. 
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The  researches  of  Schwann  and  Schleiden  in  1887  and  the  follow- 
ing years^  founded  the  modem  science  of  histology,  or  that  branch  of 
anatomy  which  deals  with  the  ultimate  visible  structure  of  organisms, 
as  revealed  by  the  microscope ;  and  the  rapid  improvement  of  methodli 
of  investigation,  and  the  energy  of  a  host  of  accurate  observers,  have 
given  greater  and  greater  bieadth  and  firmness  to  Schwann's  great 
generalization,  that  a  fundamental  unity  of  structure  obtains  in 
animals  and  plants ;  and  that  however  diverse  may  be  the  fabrics,  or 
Itsities,  of  which  their  bodies  are  composed,  all  these  varied  structures 
result  from  the  metamorphoses  of  morphological  units  (termed  ceUe^ 
in  a  more  general  sense  than  that  in  which  the  word  "  cells "  was  at 
first  employed),  which  are  not  only  similar  in  animals  and  in  plants 
respectively,  but  present  a  dose  fundamental  resemblance  when  those 
of  animals  and  those  of  plants  are  compared  together. 

The  contractility  which  is  the  fundamental  condition  of  loco- 
motion, has  not  only  been  discovered  to  exist  iax  more  widely  among 
plants  than  was  formerly  imagined,  but,  in  plants,  the  act  of  con- 
traction has  been  found  to  be  accompanied,  as  Dr.  Burden  Sanderson's 
interesting  investigations  have  shown,  by  a  disturbance  of  the  elec- 
trical state  of  the  contractile  substance  comparable  to  that  which  was 
found  by  Du  Bois  Beymond  to  be  a  concomitant  of  the  activity  of 
ordinary  muscle  in  animals.* 

The  speaker  then  said  that  he  knew  not  where  we  can  hope  to 
find  any  absolute  distinction  between  animals  and  plants,  unless  we 
return  to  their  mode  of  nutrition,  and  inquire  whether  certain  differ- 
ences of  a  more  occult  character  than  tibose  imagined  to  exist  by 
Cuvier,  and  which  certainly  hold  good  for  the  vast  majority  of  animals 
and  plants,  are  of  universal  application. 

A  bean  may  be  supplied  with  water  in  which  salts  of  ammonia 
and  certain  other  minwal  salts  are  dissolved  in  due  proportion ;  with 
atmospherie  air  containing  its  ordinary  minute  dose  of  carbonic  acid ; 
and  with  nothing  else  but  sunlight  and  heat.  Under  these  circum- 
stances, with  proper  management,  the  bean  will  thrust  forth  its 
radicle  and  its  plumule ;  the  former  will  grow  down  into  roots,  the 
latter  fprow  up  into  the  stem  and  leaves  of  a  vigorous  bean  plant ; 
and  this  plant  will,  in  due  time,  flower  and  produce  its  crop  of  beans, 

C"^  as  if  it  were  grown  in  the  garden  or  in  the  fidd.  The  bean 
taken  in  the  raw  materials  of  its  &brio  and  has  manufactured 
them  into  bean  stu£b  by  the  help  of  its  green  colouring  matter,  or 
chlorophyll,  which,  under  the  influence  of  sunlight,  has  the  power 
of  deoomposing  carbonic  acid,  setting  firee  the  oxygen  and  laying 
hold  of  the  carbon  which  it  contains.  It  obtained  two  of  the  abso- 
lutely indispensable  elements  of  its  substance  from  two  distinct 
sooroes ; — the  watery  solution,  in  which  its  roots  are  plunged,  contains 
nitrotten  but  no  carbon ;  the  air,  to  which  the  leaves  are  exposed, 
contauiB  carbon,  but  its  nitrogen  is  in  the  state  of  a  free  gas,  in 

*  *  Proceedings  of  Boyal  InslitutioD,'  vol.  vii.,  p.  332. 
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which  condition  the  bean  can  make  no  use  of  it :  *  and  the  chloro- 
phyll \b  the  apparatus  by  which  the  carbon  is  extracted  from  the 
atmospheric  carbonic  acid — the  leaves  being  the  chief  laboratories 
in  which  this  operation  is  effected. 

But  it  by  no  means  follows  that  the  manufacturing  power  of  plants 
depends  on  their  chlorophyll,  and  its  interaction  with  the  rays  of  the 
sun.  Pasteur  has  proved  that  the  lowest  fungi,  devoid  of  chloro- 
phyll, possess  high  manufacturing  powers  if  supplied  with  a  different 
kind  of  raw  material.  A  single  spore  of  the  common  mould,  Peni- 
cillium,  sown  in  a  saucer  full  of  water,  in  which  tartrate  of  ammonia, 
with  a  small  percentage  of  phosphates  and  sulphates  is  contained,  and 
kept  warm,  whether  in  the  dark  or  exposed  to  light,  will,  in  a  short 
time,  give  rise  to  a  thick  crust  of  mould,  which  contains  many  million 
times  the  weight  of  the  original  spore.  Thus  we  have  a  very  wide 
basis  of  fact  for  the  generalization  that  plants  are  essentially  diarao- 
terized  by  their  manufactaring  capacity — by  their  power  of  working 
up  mere  mineral  matters  into  complex  organic  compounds. 

Contrariwise,  there  is  a  no  less  wide  foundation  for  the  generaliza- 
tion that  animals,  as  Cuvier  puts  it,  depend  directly  or  indirectly  upon 
plants  for  the  materials  of  their  bodies ;  that  is,  either  they  are  herbi- 
vorous, or  they  eat  other  animals  which  are  herbivorous.  But  for 
what  constituents  of  their  bodies  are  animals  thus  dependent  upon 
plants  ?  Certainly  not  for  their  homy  matter ;  nor  for  chondrin,  the 
proximate  chemical  element  of  cartilage ;  nor  for  gelatine ;  nor  for 
syntonin,  the  constituent  of  muscle ;  nor  for  their  nervous  or  biliary 
substances ;  nor  for  their  amyloid  matters  ;  nor,  necessarily,  for  their 
fats.  It  can  be  experimentally  demonstrated  that  animals  can  make 
these  for  themselves.  But  that  which  they  cannot  make,  but  must, 
in  all  known  cases,  obtain  directly  or  indirectly  from  plants,  is  the 
peculiar  nitrogenous  matter  protein. 

Here  is  the  last  hope  of  finding  a  sharp  line  of  demarcation  be- 
tween plants  and  animals;  for  there  is  a  border  territory  between 
the  two  kingdoms,  a  sort  of  no-man's  land,  the  inhabitants  of  which 
certainly  cannot  be  discriminated  and  brought  to  their  proper  alle- 
giance in  any  other  way. 

The  speaker  then  stated,  that  while  examining  under  the  micro- 
scope a  drop  of  infusion  of  hay,  at  the  request  of  Dr.  Tyndall,  he 
observed,  in  the  first  place,  multitudes  of  bacteria  moving  about  with 
their  ordinary  intermittent  spasmodic  wriggles ;  as  to  the  vegetable 
nature  of  which  there  is  no  doubt.  But  other  active  organisms,  very 
much  larger,  attaining  in  iB/ci  the  comparatively  gigantic  dimensions 
of  ^jsjs  of  an  inch  or  more,  incessantly  crossed  the  field  of  view. 
Each  of  these  had  a  body  shaped  like  a  pear,  the  small  end  being 
slightly  incurved  and  produced  into  a  long  curved  filament,  or  cilium^ 
of  extreme  tenuity.     Behind  this,  from  the  concave  side  of  the  incurva- 

*  It  is  purposely  assumed  that  the  air  with  which  the  bean  la  supplied  in  the 
ca^  stutcMl  contains  no  anunoniacal  salts. 
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tion,  proceeded  another  long  cilimn,  so  delicate  as  to  be  discernible 
only  by  the  nse  of  the  highest  powers  and  careful  management  of 
the  light.  In  the  centre  of  the  pear-shaped  body  a  clear  round  space 
oonld  occasionally  be  discerned,  bnt  not  idways ;  and  careful  watching 
showed  that  this  clear  vacuity  appeared  gradually,  and  then  shut  up 
and  disappeared  suddenly,  at  regular  intervals.  Such  a  structure  is  of 
common  occurrence  among  the  lowest  plants  and  animals,  and  is  known 
as  a  eoniractUe  vacuole.  The  little  creature  sometimes  propelled  itself 
with  great  activity,  with  a  curious  rolling  motion,  by  the  lashing  of 
the  ^nt  cilium,  while  the  second  cilium  trailed  behind ;  sometimes  it 
anchored  itself  by  the  hinder  cilium  and  was  spun  round  by  the  work- 
ing of  the  other,  its  motions  resembling  those  of  an  anchor  buoy  in  a 
heavy  sea.  Sometimes,  when  two  were  in  full  career  towards  one 
another,  each  would  appear  dexterously  to  get  out  of  the  other's  way; 
sometimes  a  crowd  would  assemble  and  jostle  one  another.  These 
organisms  the  speaker  stated  were  what  are  commonly  called 
*' monads";  they  are  curiously  like  a  much  larger  form  of  monad 
named  by  Dujardin  Heteromita.  The  speaker,  therefore,  called  them 
HeteromUa  lens.  As  he  was  unable  to  devote  to  his  Heteromita  the 
attention  required  to  make  out  its  whole  history,  he  referred  to 
some  remarbible  observations  published  by  Messrs.  Dallinger  and 
Drysdale  *  on  certain  Monads.  Of  the  four  monads  found  by  them  in 
an  infusion  of  cod's-head,  one  very  closely  resembles  Heteromita  lens 
in  every  particular,  except  that  it  has  a  separately  distinguishable 
central  pcirticle  or  "  nucleu3,"  which  is  not  certainly  to  be  made  out 
in  Heteromita  lens;  and  that  nothing  is  said  by  them  of  the  existence 
of  a  contractile  vacuole  in  this  monad,  though  they  describe  it  in 
another.  Their  Heteromita,  however,  multiplied  rapidly  by  fission. 
A  single  Heteromita  would  give  rise  to  a  thousand  like  itself  in 
the  course  of  an  hour,  to  about  a  million  in  two  hours,  and  to  a 
number  greater  than  the  generally  assumed  number  of  human  beings 
now  living  in  the  world  in  three  hours ;  or,  if  we  give  each  Hetero- 
mita an  hour's  enjoyment  of  individual  existence,  the  same  result 
will  be  obtained  in  about  a  day. 

Sometimes  another  mode  of  fission  occurs.  The  body  becomes  . 
rounded  and  quiescent,  or  nearly  so ;  and  while  in  this  resting  state, 
divides  into  two  portions,  each  of  which  is  rapidly  converted  into  an 
active  Heteromita.  Another  very  remarkable  kind  of  multiplication 
is  termed  conjugation^  and  the  setting  free  of  thousands  of  excessively 
minute  granules  or  germs. 

But  these  observations  throw  no  light  on  the  problem  we  are  trying 
to  solve — Is  it  an  animal  or  is  it  a  plant  ? 

In  order  to  show  that  it  is  possible  to  bring  forward  very  strong 
arguments  in  fiivour  of  regarding  Heteromita  as  a  plant,  the  speaker 

*  ^  Beeearches  in  the  Life-history  of  a  Geroomonad :  a  Lesson  in  Biogenesis ; " 
and  "  Farther  Rcscarcbes  in  the  Life-history  of  the  Monads/*—*  Monthly  Micro- 
8(x»pical  Journal/  1873. 
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gave  details  of  the  deyelopment  of  the  obaonre  and  almost  microsoopic 
mould  termed  Peronoepora  infeetans — ^the  fongus  which  is  the  cause 
of  the  potato  disease — ^the  whole  movement  of  whose  zoospores  has 
a  deceptive  likeness  to  the  voluntary  changes  of  place  which  are 
observed  in  microsoopic  animals,  and  which  affords  an  example  of  an 
organism,  which,  in  one  stage  of  its  existence,  is  truly  a  ''  Monad," 
indistinguishable  by  any  important  character  from  the  Heteromita, 
and  extraordinarily  like  it  in  some  respects,  and  yet  which  can  be 
traced,  step  by  step,  through  a  series  of  metamorphoses  until  it 
assumes  the  features  of  an  organism,  which  is  as  much  a  plant  as  an 
oak  or  an  elm  is.  A  green  plant  (Coleochfete)  was  shown  to  pass 
through  a  monad  stage;  wlule  Chlamydomonifts,  and  the  common 
Yolvox,  or  so-called  "  Globe  animalcule,"  were  described  as  running 
through  a  cycle  of  forms  of  just  the  same  simple  character  as  those  of 
Heteromita. 

The  resemblance  between  Chlamydomonas  and  Heteromita  is  of 
the  closest  description;  and  on  the  fictce  of  the  matter  there  is 
no  ground  for  refusing  to  admit  that  Heteromita  may  be  related 
to  Chlamydomonas,  as  the  colourless  fongas  is  to  the  green  alga. 
Yolvox  may  be  compared  to  a  hollow  sphere,  the  wall  of  which  is 
made  up  of  coherent  Chlamydomonads,  and  which  progresses  with 
a  rotating  motion  effected  by  the  paddling  of  the  multitudinous  pairs 
of  cilia  which  project  from  its  suifsuce.  Each  Yolvox-monad  has  a 
contractile  vacuole  like  that  of  Heteromita  lens ;  and  moreover  possesses 
a  red  pigment  spot  like  the  simplest  form  of  eye  known  among 
animals.  The  methods  of  fissive  multiplication  and  of  conjugation 
observed  in  the  monads  of  this  locomotive  globe  are  essentially  similar 
to  those  observed  in  Chlamydomonas ;  and  though  a  hard  battle  has 
been  fought  over  it,  Yolvox  is  now  finally  surrendered  to  the  Botanists. 

Thus  there  is  really  no  reason  why  Heteromita  may  not  be  a 
plant ;  and  this  conclusion  would  be  very  satisfactory,  if  it  were  not 
equally  easy  to  show  that  there  is  really  no  reason  why  it  should  not 
be  an  animal.  For  there  are  numerous  organisms  presenting  the 
closest  resemblance  to  Heteromita,  and,  like  it,  grouped  under  the 
general  name  of  "  Monads,"  which,  nevertheless,  can  be  observed  to 
take  in  solid  nutriment,  and  which  therefore  have  a  virtual,  if  not  an 
actual,  mouth  and  digestive  cavity,  and  thus  come  under  Cuvier^s 
definition  of  an  animal.  Numerous  forms  of  such  animals  have 
been  described  by  Ehrenberg,  Diyardin,  H.  James  Clark,  and  other 
writers  on  the  Infusoria.  In  another  infusion  of  hay  in  which*  the 
Heteromita  lens  occurred,  there  were  innumerable  infusorial  animal- 
cules belonging  to  the  well-known  species  Colpoda  cueuUua,  Full- 
sized  specimens  of  this  animalcule  attain  a  length  of  between  ^^  or 
^^  of  an  inch,  so  that  it  may  have  ten  times  the  length  and  a  tibou- 
sand  times  the  mass  of  a  Heteromita.  In  shape  it  is  not  altogether 
unlike  Heteromita.  The  small  end,  however,  is  not  produced  into 
one  long  cilium,  but  the  general  suiiiAoe  of  the  body  is  covered  with 
small  actively  vibrating  duary  organs,  which  are  only  longest  at  Uie 
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small  end.  At  the  point  which  answers  to  that  from  which  the  two 
cilia  arise  in  Heteromita,  there  is  a  conical  depression,  the  month ; 
and  in  yonng  specimens  a  tapering  filament,  which  reminds  one  of  the 
posterior  cilinm  of  Heteromita,  projects  from  this  region.  The  body 
consists  of  a  soft  granular  protoplasmic  substance,  the  middle  of  which 
is  occupied  by  a  large  oval  mass  called  the  **  nucleus" ;  while,  at  its 
hinder  end,  is  a  ''contractile  vacuole,"  conspicuous  by  its  regular 
rhythmic  appearances  and  disappearances.  Obriously,  although  the 
Colpoda  is  not  a  monad,  it  differs  from  one  only  in  subordinate  details. 
Moreover,  under  certain  conditions,  it  becomes  quiescent,  encloses 
itself  in  a  delicate  case  or  cy$t,  and  then  divides  into  two,  four,  or 
more  portions,  which  are  eventually  set  free  and  swim  about  as  active 
Colpodfld. 

But  this  creature  is  an  unmistakable  animal,  and  full-sized 
Ck)lpodffi  may  be  fed  as  easily  as  one  feeds  chickens.  It  is  only  needful 
to  diffuse  very  finely  ground  carmine  through  the  water  in  which  they 
live,  and,  in  a  very  short  time,  the  bodies  of  the  Colpodfe  are  stuffed 
with  the  deeply  coloured  granules  of  the  pigment.  And  if  this  were 
not  sufficient  evidence  of  the  animality  of  Colpoda,  there  comes  the 
fact  that  it  is  even  more  similar  to  another  well-known  animalcule, 
Paramecium,  than  it  is  to  a  monad.  But  Paramecium  is  so  huge 
a  creature  compared  with  those  hitherto  discussed — it  reaches  j^^  of 
an  inch  or  more  in  length — that  there  is  no  difficulty  in  making  out 
its  organization  in  detail;  and  in  proving  that  it  is  not  only  an 
animal,  but  that  it  is  an  animal  which  possesses  a  somewhat  compli- 
cated organization.  For  example,  the  surface  layer  of  its  body  is 
different  in  structure  from  the  deeper  parts.  There  are  two  contrac- 
tile vacuoles,  from  each  of  which  radiates  a  system  of  vessel-like 
canals ;  and  not  only  is  there  a  conical  depression  continuous  with  a 
tnbe,  which  serve  as  mouth  and  gullet,  but  the  food  ingested  takes  a 
definite  course  and  refuse  is  rejected  from  a  definite  region.  Nothing 
is  easier  than  to  feed  these  animals,  and  to  watch  the  particles  of 
indigo  or  carmine  accumulate  at  the  lower  end  of  the  gullet.  From 
this  they  gradually  project,  surrounded  by  a  ball  of  water,  which  at 
length  passes  with  a  jerk,  oddly  simulating  a  gulp,  into  the  pulpy 
central  substance  of  the  body,  there  to  circulate  up  one  side  and  down 
the  other,  until  its  contents  are  digested  and  assimilated.  Neverthe- 
less this  complex  animal  multiplies  by  division,  as  the  monad  does, 
and,  like  the  monad,  undergoes  conjugation.  It  stands  in  the  same 
relation  to  Heteromita  on  the  animal  side,  as  Coleochaate  does  on  the 
plant  side.  Start  from  either,  and  such  an  insensible  series  of  grada- 
tions leads  to  the  monad  that  it  is  impossible  to  say  at  any  stage  of 
the  prc^press — ^here  the  line  between  the  animal  and  the  plant  must  be 
drawn. 

There  is  reason  to  think  that  certain  organisms  which  pass 
through  a  monad  stage  of  existence,  such  as  the  Myxomycetes,  are,  at 
one  time  of  their  lives,  dependent  upon  external  sources  for  their 
protein-matter,  or  are  animals ;  and  at  another  period  manufacture  it, 
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or  are  plants.  And  seeing  that  the  whole  progress  of  modem  inTosti- 
gation  is  in  favour  of  the  doctrine  of  continuity,  it  is  a  fair  and  probable 
speculation — though  only  a  speculation— that,  as  there  are  some 
plants  which  can  manufacture  protein  out  of  such  apparently  intrac- 
table mineral  matters  as  carbonic  acid,  water,  nitrate  of  ammonia,  and 
metallic  salts;  while  others  need  to  be  supplied  with  their  carbon 
and  nitrogen  in  the  somewhat  less  raw  form  of  tartrate  of  ammonia 
and  allied  compounds ;  so  there  may  be  yet  others,  as  is  possibly  the 
case  with  the  true  parasitic  plants,  which  can  only  manage  to  put 
together  materials  still  better  prepared — still  more  nearly  approxi- 
mated to  protein — until  we  arrive  at  such  organisms  as  the  Psoro- 
spermiaa  and  the  Panhistophyton,  which  are  as  much  animal  as  vegetable 
in  structure,  but  are  animal  in  their  dependence  on  other  organisms 
for  their  food. 

The  singular  circumstance  observed  by  Meyer,  that  the  Torula  of 
yeast,  tiiough  an  indubitable  plant,  still  flourishes  most  vigorously 
when  supplied  with  the  complex  nitrogenous  substance,  pepsin ;  the 
probability  that  the  Peronospora  is  nourished  directly  by  tiie  proto- 
plasm of  Hie  potato  plant ;  and  Hie  wonderful  facts  which  have  re- 
cently been  brought  to  light  respecting  insectivorous  plants,  all  fJEivour 
this  view;  and  tend  to  the  conclusion  that  the  difference  between 
animal  and  plant  is  one  of  degree  rather  than  of  kind ;  and  that  the 
problem  whether,  in  a  given  case,  an  organism  is  an  animal  or  a  plant, 
may  be  essentially  insoluble. 

LT.  H.  H.] 
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WEEKLY  EVENING  MEETING, 

Friday,  Febrnary  4,  1876. 

C.  William  Sm kns,  Esq.  D.OX.  FJK^.  Vice-President,  in  the  Chair. 

William  Hbnbt  Pbkbox,  Esq.  M.B.I.  M.  Inst.  O.E.  &o. 

The  AppUcations  of  Electricity  to  the  Protection  of  Life  on  Bailwaye. 

It  IB  proposed  in  the  following  discourse  to  establish  three  proposi- 
tioiiS|Ti2. : 

Ist  That  railway  travelling  is  dangerous. 

2nd.  That  railway  trayelling  is  safe. 

8rd.  That  the  danger  ia  potential,  and  the  safety  actual ;  and  that 
the  one  has  been  converted  into  the  other  by  the  operations 
of  sdentific  thonght,  and  by  the  applications  of  scientific 
skilL 

1.  The  first  proposition  is  self-evident,  and  scarcely  needs  proof. 
No  one  has  stood  upon  a  station  platform  when  an  express  train  has 
rushed  madly  by  without  feeling  that  there  was  but  a  rivet,  a  bolt,  or 
a  rod  between  life  and  death.  A  broken  tyre  or  rail  would  hurl  dozens 
into  eternity ;  a  disordered  permanent  way  would  maim  hundreds ; 
the  mistaken  motion  of  a  handle,  the  failure  of  a  signal,  or  the  trans- 
missioa  of  erroneous  instructions,  would  spread  terror  throughout  the 
land.  There  is  no  sensation  so  great  as  that  of  a  dreadful  railway 
accident  It  affects  everyone.  All  are  travellers  by  railway,  and 
natural  selfishness  makes  us  read  with  horror  and  dismay  of  the  death 
of  ttiu^  in  a  railway  train,  while  we  pursue  our  break&st  with  com- 
parative calmness  during  the  recital  of  hundreds  smothwed  to  death 
in  a  colliery  explosion,  or  sent  to  eternity  in  a  watery  grave. 

2.  But  is  not  the  flnct  that,  though  we  have  just  read  the  harrowing 
accounts  of  a  dreadful  collision  in  the  north,  we  instantly  entrust  our 
precious  bodies  in  a  railway  carriage  to  the  south,  a  proof  that  there 
is  idflo  safety  in  railway  travelling  ?  Have  we  not  faith  in  our  railway 
managers,  and  is  not  this  iaith  evidence  of  safety?  How  many  of 
those  present  have  been  in  an  accident  ?  But,  after  all,  ideas  of 
safety  are  but  relative.  Compare  accidents  on  railways  with  accidents 
in  the  old  coaching  days.  Take  the  loss  of  life  at  sea,  the  accidents 
in  the  hunting  field,  in  boating,  in  bathing,  by  lightning,  &c.,  and 
compare  tiiem  with  those  on  railways. 

D  2 
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In  1878, 17,246  persons  met  with  yiolent  deaths  in  England  and 
Wales,  which  is  an  average  of  750  per  million,  or  1  in  1354.  The 
canses  of  these  deaths  are  thns  analyzed : 


Table  I.— Violent  Dbathb  in  Ekoland  and  Walks  for  the  Year  1873. 


Came  of  Death. 


InjnrieB  in  mines 

Mechanical  injuries  (not  on  railways  or  in  mines) 

Chemical  injuries 

Asphyxia 

Violence  (nndsssified) 

Railways 


Some  of  these  may  be  farther  analyzed  as  follows : 
Table  II.— Analysis  of  Table  I. 


Ganse  of  Death. 


Mechanicai  Injuries — 
Fall  from  scaffold  (ladder) 

„      „    window       ..     .. 

„   downstairs 

„    in  ships  and  boats 

„    from  height 

„   in  walking 

„    (not  stated  how) 

„    of  heavy  substances  on 
Horse  or  other  animals 


„     oonyeyanoe 
Machinery    ..'    .. 

Fight 

Blow,  &o. 
Gunshot  wounds  .. 


Chemical  Injuries — 

Bums ..     .. 

Scalds 

„      (drinking  hot  water) 

Lightning 

Sunstroke  ..     ..     .. 

Exposure  to  oold 


Aaphyxiot^ 

Drowned       

Suffocated  by  food      

„  bedclothes    ..     ..     . 

Haneed,  strangled,  and  executed 
Murder,  mansbughter,  and  suicide 


No. 


165 

70 

456 

134 

500 

93 

530 

509 

269 

1250 

1132 

5 

124 

185 


1064 

701 

50 

21 

96 

138 


94 
611 
581 
228 
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Let  ns  take  accidents  to  railway  pasaengers  from  oanaes  within, 
and  bejond,  their  own  control : 


TiBLB  m.— AoomESTS  to  Bailwat  PAasiNOEBS,  firom  Oauses  within  and 
beyond  their  own  Control. 


Date. 


1871  ..  . 

1872  ..  . 

1873  ..  . 

1874  ..  . 

Average 


Wttfaln 
own  ooQtit)!, 


45 
127 
120 
125 


BeyoDd 
own  control. 


104 


12 
24 
40 
86 


41 


Total 


57 
151 
160 
211 


145 


This  is  an  average  of  fortj-one  persons  killed  annually  from  canses 
beyond  their  own  control,  and  it  shows,  in  fact,  that  the  railway  com- 
panies are  in  reality  more  mindfdl  of  the  lives  of  their  passengers 
than  the  passengers  are  of  their  own  lives. 

These  latter  accidents  can  be  classified  as  follows : 


Tablb  IY. — AocmiNTS  to  Bailwat  Passenoebs  in  1874,  from  Gauaee  within 
their  own  Control. 


Gaose  of  Acddent^ 


From  falling  between  carriages  and  platforms  .. 
Getting  out  of  or  into  trains  in  motion 

Crossing  the  line  at  stations 

Falling  down  stairs  at  stations 

Falling  ont  of  carriages  during  traTelling  of  trains 
Other  accidents       

Total     


No. 


49 
22 
83 
2 
9 
10 


125 


This,  however,  is  not  the  death-roll  from  all  causes  on  all  railways 
of  the  United  Kingdom  during  the  year  1874.  The  total  number  of 
persons  recorded  at  the  Board  of  Trade  as  having  been  killed  was 
1424.  Of  these  211  were  passengers,  and,  of  the  remainder,  788  were 
officers  or  servants  of  the  railway  companies,  or  of  contractors,  and 
425  were  trespassers,  or  suicides,  or  others  who  met  with  accidents  at 
level  crossings  or  from  miscellaneous  causes. 

1874  was,  however,  a  very  exceptional  year,  for  no  less  than  71 
passengers  were  killed  in  the  three  fearful  accidents  on  the  Oreat 
Western  at  Shipton,  on  the  Oreat  Eastern  at  Thorpe,  and  on  the 
North  British  at  Bowness  Junction.     Taking  the  following  periods, 
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the  proportion  of  passengers  killed  from  causes  beyond  their  own 
control  to  passenger  journeys  made  was : 

Table  Y..— Pbopobtion  of  Passenoibs  Killed  to  Joubnets  Made. 
8  yean  ending  1849      ..     ..     1  in   4,782,188  joumejrs  made. 
4  „  1859      ..      ..     1  „    8,708,411  „ 

4  „  1869      ..      ..     1  „  12,941,170  „ 


8 


1873 


1  „  20.089,660 


Taking  the  average  length  of  each  journey  at  10  miles,  one  passenger 
is  killed,  from  causes  beyond  his  own  control,  for  every  200,896,000 
miles  travelled.  If  a  person  travelled  10  hours  a  day  at  the  rate  of 
80  miles  an  hour  for  each  of  the  865  days  of  the  year  he  would 
probably  be  killed  in  1885  years.  Hence,  in  a  relative  sense,  we  may 
consider  that  railway  travelling  is  safe. 

8.  How  is  this  potentiality  of  danger  converted  into  comparative 
actuality  of  safety  ?  Freedom  from  accident  depends  upon  the  per- 
fection of  the  road,  of  the  rolling  stock,  of  the  signals,  and,  above  all, 
of  the  men.  But  none  of  these  dements  are  perfect.  Accidents  have 
been  analyzed  into — 

Table  YL— Pebcentaqb  Analysis  of  Rau^wat  Aocidentb. 

DefectiTe  permanent  way 18  per  cent. 

„       rollioe  stock 13       „ 

„        signaJB 28        „ 

„        horoan  machinery .41        „ 

They  have  also  been  classified  as  follows : 

Table  VII.— Classification  of  Railway  Aochdentb,  1870-1-2-S-4. 


1870. 

1871:1872. 

1873. 

1874. 

Natjf^  of  Accident 

9 

19 

21 

24 

18 

From  engines  or  vehicles  meeting  with,  or  leaving 
tbe  rails  in  consequence  o^  obstructions,  or  from 

defects  in  connection  wiUi  the  permanent  way  or 
works. 
From  boiler  explosions,  fcdlures  of  axles,  wheels, 

10 

22 

17 

23 

13 

tyros,  or  from  otber  defects  in  the  rolling  stock. 

,. 

2 

7 

5 

, , 

From  trains  entering  stations  at  too  great  speed. 
From  collisions  between  engines  and  trains  follow- 

61 

9 

22 

18 

9 

ing  one  another  on  tbe  same  line  of  rails,  except- 

ing at  junctions,  stations,  or  sidings. 

18 

19 

32 

20 

22 

From  collisions  at  junctions. 

Included 

63 

91 

98 

75 

From  collisions  within  fixed  signals  at  stations  or 

in  the 
abjvc  ei. 

sidings,  &0. 

8 

2 

5 

8 

6 

From  collisions  between  trains,  &c.,  meeting  in 
opposite  directions. 

1 

,, 

.. 

3 

1 

From  collisions  at  level  crossings  of  two  railways. 

14 

12 

34 

36 

17 

From  passenger  trains  being  wrongly  run  or  turned 
into  sidings,  or  otherwise  through  facing  points. 

6 

11 

9 

11 

7 

On  inclines. 

9 

12 

8  1    6 

•• 

Miscellaneous. 

131 

171 

246 



247 

168 
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Zeal  and  anxiety,  the  necessary  evils  of  a  state  of  tension  due  to 
increasing  traffic ;  want  of  punctuality ;  late  arrivals  of  the  public ; 
and  variable  weather,  become  an  absolute  source  of  danger.  Every 
accident  is  traceable  to  its  cause.  Purely  inexplicable  accidents  are 
unknown.  Hence,  though  considerable  improvements  in  the  mode  of 
working  have  been  made — as  are  indicated  in  the  continued  progres- 
sive increase  shown  in  ratio  of  killed  to  journeys  made  in  Table  Y. 
— farther  improvements  are  certain.  But  all  improvements  bring 
their  own  evils,  and  the  greatest  of  these  is  human  fallibility.  The 
body  will  tire,  |nd  the  brain  will  get  out  of  gear.  Pure  wilfulness, 
carelessness,  or  mischief^  are  extremely  rare.  Who  does  not  make 
a  mistake?  In  the  year  1874,  4,400,000  letters  out  of  967,000,000, 
or  one  in  220,  found  their  way  to  the  Betumed  Letter  Office.  89,540 
imdelivered  letters  contained  valuables,  and  bank-notes,  bills,  &c.,  the 
value  of  which  alone  amounted  to  565,0002. ;  837  of  these  had  no 
addresses;  61,000  postage  stamps  were  found  loose  in  the  different 
post-offices,  and  20,000  letters  were  posted  without  any  address  at  all. 

How  then  is  the  comparative  safety  of  railway  travelling  pro- 
duced ?  By  taking  advantage  of  the  lessons  taught  by  experience, 
and  by  applying  the  means  suggested  by  scientific  tibought  and 
inventive  skill  to  remedy  defects.  Failure  has  thus  led  to  improve- 
ment. Every  accident  has  been  a  lesson  learnt,  and  bitterly  have 
those  suffered  who  have  not  profited  by  such  writings  on  the  wall. 
The  particulars  evidenced  by  each  accident  have  been  carefully  and 
systematically  recorded  in  the  reports  of  the  inspecting  officers  of 
the  Board  of  Trade,  and  thus  by  recording  past  experience,  the 
materialB  are  collected  for  carefully  generalizing  the  laws  of  raHway 
working  and  for  establishing  a  true  science  of  steam  locomotion. 

Telegraphy,  or  the  art  of  conveying  information  by  certain  pre-con- 
certed signals  to  the  ear  and  to  the  eye,  is  the  chief  aid  of  the  railway 
engineer.  Thus,  at  every  railway  station,  level  crossing,  or  junction, 
signal  x>06ts  are  erected  which  convey  to  the  approaching  engine- 
driver  by  exposing  discs,  bars,  or  semaphore  arms  in  different  posi- 
tions by  day,  or  lamps  displaying  different  colours  by  night,  the  fact 
that  the  line  is  clear  for  him  to  proceed  or  obstructed  so  that  he  must 
stop.  The  fiftvourite  signal  by  day — the  survival  of  the  fittest — ^is  the 
arm,  which,  when  at  right  angles,  implies  danger,  and  when  at  an 
angle  of  45*^,  eafety^  and 

^  White  means  right :  red  means  wrong : 
Green  means  slowly  go  along," 

teaches  the  young  railway  lad  the  rule  of  the  road  by  night.  The 
character  of  every  train  is  indicated  by  its  head  lighte  and  its  presence 
to  an  approaching  train  by  its  tail  lamps.  Should  thick  weather 
prevent  the  sight  of  the  signals,  detonating  fog  signals  announce  the 
contiguity  of  danger.  The  marshalling  of  trains  in  station  yards 
and  platforms  is  produced  by  whistles  and  flags  by  day  and  lamps 
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by  night,  all  forming  a  species  of  telegraphic  language  between  the 
fixed  station  and  the  moving  train. 

Where  telegraphy  is  required  to  reach  distances  beyond  the 
sphere  of  the  ear  or  the  eye,  electricity  is  employed,  and  the  electric 
telegraph  becomes  of  prime  and  essential  use,  not  only  in  regulating 
the  traffic  on  double  and  single  lines,  but  in  securing  safety.  Special 
trains  are  moved  about  by  its  means,  delays  are  remedied,  breaksdown 
rendered  harmless,  runaway  engines  have  been  overtaken  by  its  aid, 
passengers'  luggage  recovered,  but,  above  all,  irregularities  are  by  its 
means  rapidly  announced,  and  the  evils  of  unpunctuality  rendered 
innocuous. 

The  greatest  element  of  safety  on  railways  is,  however,  the  Block 
System. 

The  block  system  arose  out  of  the  multiplication  of  trains,  and  the 
necessity  for  increased  speed.  Necessity,  the  mother  of  invention, 
brought  it  into  existence. 

By  it  trains  travelling  upon  the  same  line  of  rails  are  kept  apart 
by  a  certain  and  invariable  interval  of  ajpace^  instead  of  by  an  un- 
certain and  variable  interval  of  time. 

The  practice  under  the  time  system  is  to  exhibit  the  danger  signal 
for  five  minutes,  and  the  caution  signal  for  five  minutes  more,  after  a 
train  or  engine  has  been  despatched  from  or  past  any  station,  junction, 
level  crossing,  or  siding.  Trains  are  thus  said  to  be  kept  apart  by 
fixed  periods  of  five  minutes,  and  if  the  caution  signals  were  properly 
regarded,  by  an  interval  of  time  even  longer  than  that.  The  Mifety 
of  the  train  is  entirely  the  responsibility  of  the  driver.  Immunity 
from  accident  is  dependent  upon  his  keeping  a  clear  look-out.  If 
engines  ran  at  regular  and  fixed  speeds,  if  time  tables  could  be 
adhered  to,  if  the  line  were  not  crowded  with  traffic,  if  the  driver  could 
always  ensure  a  good  view  before  him,  if  signals  were  near  together 
and  they  were  properly  regarded,  then  a  rigid  interval  of  time  might 
be  maintained  between  following  trains ;  but  none  of  these  elements 
of  safety  are  constant  Fast  expresses  follow  slow  goods  trains,  now 
through  a  thick  fog,  now  up  a  wet  incline,  at  one  moment  in  bright 
sunshine,  at  the  next  in  a  thick  snowstorm ;  creeping  mineral  trains 
break  down  in  a  long  interval  between  two  stations ;  passengers  rush 
in  at  the  very  last  minute,  detain  the  train,  and  prevent  the  time 
tables  from  being  adhered  to ;  trains  are  so  frequent  at  some  places 
that  the  five  minutes'  interval  cannot  be  adhered  to ;  obstructions  to 
view  arise  from  curves  or  cuttings,  or  from  atmospheric  causes ;  long 
lengths  of  line  are  unprotected  by  any  signal  at  all,  and  signals  them- 
selves are  too  frequently  n^lected.  Hence,  the  system  is  brimful  of 
elements  of  danger,  and  the  inexorable  logic  of  &ct8  has  shown  that 
the  time  interval  is  illusory  and  the  system  unsafe. 

But  when  trains,  however  rapidly  or  slowly  they  may  be  running, 
however  much  punctuality  has  been  infringed,  however  crowded  wi& 
traffic  the  line  may  be,  are  invariably  kept  ap^  by  an  interval  of  one 
or  two  miles,  collision  between  them  becomes  impossible.     This  is 
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the  Block  eystem^  which  has,  very  improperly,  been  divided  into  two 
clasaes,  the  absolute  and  the  pemUaeive,  The  former  is  the  block 
system  proper,  the  latter  is  not  a  "  block"  system  at  all,  but  a  system 
introduced,  not  to  secure  the  safety  of  trains,  but  to  increase  the 
capacity  of  the  line  for  the  transmission  of  increasing  traffic.  It  is, 
doubtless,  an  improToment  on  the  time  system,  but  it  bears  little 
affinity  to  the  block,  and  should  certainly  not  be  included  in  the  same 
category. 

The  block  system  is  effectually  carried  out  by  means  of  electricity. 
Communication  is  maintained  between  station  and  station  by  means  of 
bells  rung  by  currents  sent  to  announce  the  approach  and  departure 
of  the  trains.  Permanent  signals  are  raised  and  lowered,  indices  are 
moved  to  one  position  or  another  to  indicate  the  presence  or  absence 
of  danger,  or  the  fact  of  the  line  being  obstructed  or  clear.  Indi- 
cators are  moved  to  repeat  back  the  signals  made  to  check  accuracy  in 
working,  and  to  render  futile  the  errors  or  carelessness  of  the  hasty  or 
thoughtless.  Safety  is  secured  and  accuracy  in  working  is  maintained 
by  checks  and  by  counterchecks. 

The  block  system  on  single  lines  is  additionally  used  to  protect 
trains  £rom  advancing  as  well  as  from  succeeding  trains.  Before  a 
train  is  allowed  to  leave  A  the  line  at  B  is  blocked  in  advance,  and 
when  it  leaves  it  is  blocked  behind  at  A,  so  that  it  is  thoroughly  pro- 
tected in  both  directions  during  the  period  it  is  running  from  A  to  B. 

But  apart  from  the  protection  which  electricity  imparts  to  railway 
travelling,  and  the  facility  it  offers  for  adjusting  and  regulating  the 
traffic,  there  are  umumerable  purposes  for  which  the  telegraph  is 
employed  to  facilitate  business  and  to  secure  efficiency.  The  distribu- 
tion of  correct  time,  the  collection  of  spare  trucks  and  coaches,  the 
relief  of  staf^  the  supply  of  assistance  in  cases  of  accident  and 
danger,  and — ^not  least— the  reparation  of  the  error  %nd  thoughtless- 
ness of  passengers 

It  is  used  on  some  lines  to  establish  an  effective  means  of  com- 
munication between  passenger  and  guard ;  and  perhaps  one  of  its  most 
useful  applications  is  to  record  in  the  signal-box,  before  the  signal- 
man's eyes,  the  position  of  the  signal  arm  by  day  and  the  conation 
of  the  light  by  night,  which  is  hidden  from  his  sight  by  the  formation  of 
the  line,  buUdings,  darkness,  fog,  or  steam.  Electric  repeaters  are 
one  of  the  greatest  elements  of  safety  in  working  railways. 

The  operation  of  scientific  thought  has  introduced  many  mecha- 
nical elements  of  safety  into  railway  working,  which  are  as  ingenious 
as  they  are  effective. 

Improved  permanent  way,  the  interlocking  of  signals  and  points ; 
the  concentration  of  levers  in  well-constructed  cabins;  effective 
brake  power ;  perfect  tyre  fastenings ;  better  coupling  arrangements, 
and  superior  engine  and  rolling  stock,  have  all  aided  to  secure  that 
simplicity  in  working  and  safety  in  travelling  which  undoubtedly 
exist 

But,  as  the  principal  element  of  danger  in  railway  travelling  con- 
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sists  in  the  fallibility  of  the  bnman  machiDO,  it  most  not  be  forgotten 
that  we  owe  onr  immunity  from  accident  as  much  to  the  careful 
selection,  education,  and  snperyision  of  the  staff  and  the  maintenance 
of  good  discipline,  as  to  the  appliances  of  scientific  skill.  Science 
cannot  be  devoted  to  a  nobler  purpose  than  to  the  protection  of 
human  life,  and  the  records  of  experience  show  that  it  has  earned 
well-deserved  laurels  in  rendering  the  dangers  of  railway  travelling 
potential  and  its  safety  actual. 

[W.  H.  P.] 


GENERAL  MONTHLY  MEETING, 

Monday,  February  7,  1876. 

The  DuKB  or  Nobthuhbebland,  D.O.L.  President,  in  the  Chair. 

John  Robertson  Adams,  Esq. 

Arthur  Brewin,  Esq.  F.R.A.S. 

Ernest  De  la  Rue,  Esq. 

Charles  Fletcher,  Esq. 

Thomas  Matthew  Gisbome,  Esq. 

Mrs.  Mitchell, 

Martin  ^^ch^r-Shee,  jun.  Esq. 

Francis  Lys  Smith,  Esq. 

Mrs.  Theodore  Williams, 

Alexander  Brown  Thorburu,  Esq. 

were  elected  Members  of  the  Royal  Institution. 

The  Special  Thanks  of  the  Members  were  returned  to  Saiiusl 
SooTT,  Esq.  MJl.I.  for  his  Donation  of  Five  Guineas  to  aid  the 
Geneiul  Objects  of  the  Institution. 

The  Pbbsents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FBOM 

Lordi  Commisiioneri  of  the  Admirali^ — ^Nautical  Ahnanao  for  1879.    8vo.    1875. 

Greenwich  Obseryations,  1873.    4to.    1875. 
The  French  Government — Documents  In^its  sur  I'Histoire  de  France : 

CartulaireB  de  1  Eglise  Gath^drale  de  Grenoble.    4to.    1869. 
Aeiatic  Society,  i?oyoZ— Journal,  New  Seriee,  Vol.  VIII.  Part  1.    8vo.     1875. 
Attronomical  Society,  Boydtr-UoniUy  Kotloes,  Vol.  XXXVL    Kos.  1,  2.    8to. 
1875-6. 

Memoirs,  Vol.  XU.    4to.    1875. 
BritUh  Mutewn  TViMf^M— Catalogue  of  Birds,  VoL  11.    Sto.    1875. 

Oatalogueof  Additional  M8S.  1854-60.    8yo.    1875. 

Catalogue  of  Spanish  MSS.  Vol.  I.    8to.    1875. 
Alcoek,  Lieut.-CoL  M.RJ.—The  MUitia,  &c    8yo.    1867-75. 
At/field,  Profeseor  J.  FKV,  F.CiS.— Chemistry,  General.  Medical,  and  Pharma- 
ceutical   6th  Ed.    12mo.    1876. 
Batd  Naturfortchende  (7e«eU«o;<a/{— Verhandlungen.    Seohster  TheiL  2tes  Heft 
8vo.    1875. 
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fr'Wcfc  iir(^7ee^  Boyal  JflMe/ftf '«  oZ-Sesnonal  Papen,  1^  Kos.  1-4.    4to. 

CaleuOa  Meleorologieal  Ofiee— Bengal  Meteorological  Beporta,  &o.   fol.  1867-74. 
Chem^oal  Socidy^-JoaruBi  fir  Noy.  Dec    1875.    8to. 
Civil  BnqinBtre  Jiueatftioii— Minntea  of  Piooeedinga,  Vol.  XUI.    8to.  1875. 
CloekmeierM'  Gmpany— Catalogiie  of  fiooka,  MSS.,  Olocka,  ftc,  of  the  Worahipfnl 
Gompanj  of  Clockmakera,  depoeited  in  the  Free  Lihnurj  of  the  City  of 
liODaon.    8vo.    1875. 
CottOato  Gwiogico  <f/faZ/a->BollettiQi,  1875:  Noa.  11, 12.    8?o. 
Editan — ^American  Journal  of  Science  for  Dec.  1875,  Jan.  1876.    8to. 
Atli§n»am  for  Dec.  1875,  Jan.  1876.    4to. 
Chemical  Newd  for  Dec.  1875,  Jan.  1876.    4to. 
Electrical  News  for  Dec.  1875,  Jan.  1876. 
Engineer  for  Dec.  1875,  Jan.  1876.    fol. 
Joamal  for  Applied  Science  for  Dec.  1875,  Jan.  1876.    fol. 
Katare  for  Dec.  1875,  Jan.  1876.    4to. 
Kaatical  Magazine  for  Dec.  1875,  Jan.  1876.    8to. 
PhiJinaoeatical  Journal  for  Dec.  1875,  Jan.  1876.    8to. 
PfBctical  Magazine  for  Dec.  1875,  Jan.  1876.    8to. 
Qaarterly  Joamal  of  Science,  Jun.  1876.    8vo. 
Telegraph  Joamal  for  Dec.  1875,  Jan.  1876.    8yo. 
JVoA&im  JfM^ihito— Journal,  Noa.  599,  600.    8to.    1875-6. 
OmMraphical  Sodely,  iZoyoi— Proceedings,  Vol.  XX.    No.  1.    8to.    1876. 
GwiogUal  Sodety  of  Irdand,  A(wa2— Journal,  Vol.  U.  Part  3 ;  Vol.  III.  Parts  1, 2, 8. 

8va    1871-3. 
Cfhdslime,  Pro/euorj  F.EJ5.  If. A. J.— The  Argonaut,  1875.    Jan.  1876.    8vo. 
Glamw  PhEUiophicaL  £be/efy— Proceedings,  Vol.  X.    No.  1.    8vo.     1875. 
HuuLUerary  and  PhUotojihieal  Sodety— Aunutkl  Report,  1874-5.    8yo.    1875. 
Lane  Fox,  Col.  A,  M.R.L  {the  i4tt/Aof)— Ezcayations  in  Cisahury  Camp.  (Journal 

Anthrop.  Boa  1875.)    8vo. 
Idnnean  ;Soe/«t2r— Transactions,  Second  Series :  Botany,  Vol.  I.  Part  2 ;  Zoology, 

VoLLPart2.    4to.    1875. 
MawJkeder  Geolomeal  iS^'etv— Transactions,  VoL  XIY.  Part  1.    8?o.    1876. 
MeCodK  Jekn^  M,D.  {(he  ilu^Aor)— Nuova  Italia :  or  Tours  and  Be-tours  in  France, 

Switzerland,  and  Italy.    Vol.  IL    16to.    1875. 
Meehanieal  Engineer^  IndittUion,  Strmtfu^^m— Proceedings,  1875 :  July.  Part  2, 

Nov.    8vo. 
Mivart,  Frojenoft  8t.  George,  Ph.D.  F,R£.  (the  ilti(Aor}— Lessons  from  Nature  as 

manifeeted  in  Mind  and  Matter.    8yo.    1876. 
MoHipeUier,  AeadAnte  dee  Sciences — ^M<^jnoires  de  la  Section  des  Sciencea,  Tome  Y I. 

Faac.  2,  3;  Tome  YII.;  Tome  Vni.  Fasc.  1.    4to.    1865-72. 
rkoiographie  fi^tNndy— Journal,  Noa.  262,  263.    8yo.    1875-6. 
Phyeieal  Soddy  of  London— J.  D.  Eyerett:  Illustrations  of  the  Centimetre- 

Oramm-Seoond.    8vo.    1875. 
Pretusise^  Akademie  der  frt«en«Aa/Eefi— Monatsbcrichte :  Sept  Oct  1875.   8to. 
Boyal  Society  o/Iion<2of»— Proceedings,  Noa.  164,  165.    8yo.    1875-6. 
Si.  BarthoUnnew*$  J/(w/>itol— Reports,  Vol.  XI.    8yo.    1875. 
SeoUiA  Socidy  of  Jrts— TransaoUona,  Vol.  YUI.  Part  5;  Vol.  IX.  Parts  1.  2. 

8yo.    1875. 
SpaUr^  Frofeeeor  FhUipp  {(he  JuiAor)— Die  Urkraft  des  Weltalls  naoh  ihrem 

Wesen  und  Wirken  auf  alien  Naturgebieten.    8yo.    Berlin,  1876. 
iSSfoiif/tea/ &i0i6fy— Journal.  Vol.  XXXVIU.  Part  4.    8yo.    1875. 
aymome^  G,  J.  Eeq,  {the  iiti2Aor)— SymonB*  Monthly  Meteorological  Magazine, 

Dec  1875,  Jan.  1876.    8yo. 
XJmUi  Service  IndUution,  ^ol— Journal,  No.  83.    8yo.    1875. 
Upmda,  Soeid^  BcyaU  dee  ^eiefiost— Noya  Acta,  Series  UL  VoL  IX.  Fasc  2.    4ta 
1875. 
BoUetin  Ma^orologioue,  Vol.  VI.    Ann^  1874.    4to.    1875. 
Warden  of  (he  iStondanti— Ninth  Annual  Report.    8yo.    1875. 
Yorkehire  Fhiloeophioal  Sodety— AaxmaX  Report  for  1874.    8yo.    1875. 
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WEEKLY  EVENING  MEETING, 
Friday,  February  11, 1876. 

The  Hon.  Sir  Wiluam  Bobebt  Gboyb,  M.A.  PLD.  F.E.S. 
Just  C.  P.,  Manager,  in  the  Chair. 

W.  Crookeb,  Esq.  F.B.S. 

The  Mechanical  Action  of  Light. 

To  generate  motion  has  been  found  a  characteristic  common,  with  one 
exception,  to  all  the  phases  of  physical  force.  We  hold  the  bulb  of 
a  thermometer  in  our  hands,  and  the  mercury  expands  in  bulk,  and, 
rising  along  the  scale,  indicates  the  increase  of  heat  it  has  received. 
We  heat  water,  and  it  is  converted  into  steam,  and  moves  our  ma- 
chinery, our  carriages,  and  our  ironclads.  We  bring  a  loadstone 
near  a  number  of  iron  filings,  and  they  move  towards  it,  arranging 
themselves  in  peculiar  and  intricate  lines ;  or  we  bring  a  piece  of  iron 
near  a  magnetic  needle,  and  we  find  it  turned  away  from  its  ordinary 
position.  We  rub  a  piece  of  glass  with  silk,  thus  throwing  it  into  a 
state  of  electrical  excitement,  and  we  find  that  bits  of  paper  or  thread 
fly  towards  it,  and  are,  in  a  few  moments,  repelled  again.  If  we 
remove  the  supports  from  a  mass  of  matter  it  falls,  the  influence  of 
gravitation  being  here  most  plainly  expressed  in  motion,  as  shown  in 
clocks  and  water-mills.  If  we  ^t  pieces  of  paper  upon  a  stretched 
string,  and  then  sound  a  musical  note  near  it,  we  find  certain  of  the 
papers  projected  from  their  places.  Latterly,  the  so-called  *'  sensitive 
flames,"  which  are  violently  agitated  by  certain  musical  notes,  have 
become  well  known  as  instances  of  Uie  conversion  of  sound  into 
motion.  How  readily  chemical  force  undergoes  the  same  transforma* 
tion  is  manifested  in  such  catastrophes  as  those  of  Bremerhaven,  in 
the  recent  deplorable  coal-mine  explosions,  and  indeed  in  every  dis- 
charge of  a  gun. 

But  light,  in  some  respects  the  highest  of  the  powers  of  nature, 
has  not  been  hitherto  found  capable  of  direct  conversion  into  motion, 
and  such  an  exception  cannot  but  be  regarded  as  a  singular  anomaly. 

This  anomaly  the  researches  which  I  am  about  to  bring  before 
you  have  now  removed ;  and,  like  the  other  forms  of  force,  light  is 
found  to  be  capable  of  direct  conversion  into  motion,  and  of  being — 
like  heat,  electricity,  magnetism,  sound,  gravitation,  and  chemical 
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action — most  delicately  and  accurately  measured  by  the  amount  of 
motion  thus  produced. 

My  research  arose  from  the  study  of  an  anomaly. 

It  is  well  known  to  scientiBc  men  that  bodies  appear  to  weigh 
less  when  they  are  hot  than  when  they  are  cold;  the  explanation 
given  being,  that  the  ascending  currents  of  hot  air  buoy  up  the  body, 
80  to  speak.  Wishing  to  get  rid  of  this  and  otiier  interfering  actions 
of  the  air  during  a  research  on  the  atomic  weight  of  thallium,  I  had 
a  balance  constructed  in  which  I  could  weigh  in  a  yacuum.  I  still, 
indeed,  found  my  apparatus  less  heayy  when  hot  than  when  cold. 
The  obyious  explanations  were  evidently  not  the  true  ones:  obvious 
explanations  seldom  are  true  ones. 


ric. 


for  simplicity  is  not  a  character- 
istic of  nature. 

An  unknown  disturbing  cause 
was  interfering,  and  the  endea- 
vour to  find  the  clue  to  the  appa- 
rent anomaly  has  led  to  the  dis- 
covery of  the  mechanical  action 
oflic^t. 

I  was  long  troubled  by  the  ap- 
parent lawlessness  of  the  actions 
I  obtained.  By  gradually  increas- 
ing the  delicacy  of  my  apparatus 
I  could  easily  get  ceiiain  results 
of  motion  when  hot  bodies  were 
brought  near  them,  but  sometimes 
it  was  one  of  attraction,  at  others 
of  repulsion,  whilst  occasionally 
no  movement  whatever  was  pro- 
duced. 

I  will  try  to  reproduce  these 
phenomena  in  this  apparatus 
(Fig.  1).  Here  are  two  glass 
bulbs,  each  containing  a  bar  of 
pith  about  S  inches  long  and  half 
an  inch  thick,  suspended  horizon- 
tally by  a  long  fibre  of  cocoon 
silk.    I  bring  a  hot  glass  rod,  or 

a  candle,  tomrds  one  of  them,  and  you  see  that  the  pith  is  gradually 
attracted,  following  the  candle  as  I  move  it  round  the  bulb.  That 
seems  a  very  definite  fact ;  but  look  at  the  action  in  the  other  bulb. 
I  bring  the  candle,  or  a  hot  glass  rod,  near  the  other  bar  of  pith, 
and  it  is  strongly  repeUed  by  it — much  more  strongly  than  it  was 
attracted  in  the  first  instance. 

Here,  again,  is  a  third  fact.  I  bring  a  piece  of  ice  near  the  pith 
bar  whidi  has  just  been  repelled  by  the  hot  rod,  and  it  is  attracted, 
and  follows  the  rod  round  as  a  magnetic  needle  follows  a  piece  of  iron. 
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The  repulsion  by  radiation  is  the  key-note  of  these  researches. 
The  movement  of  a  small  bar  of  pith  is  not  yery  distinct,  except  to 
those  near,  and  I  wish  to  make  this  repulsion  eyident  to  all.  I  haye 
therefore  arranged  a  piece  of  apparatus  by  which  it  can  be  seen  by 
all  present  I  will,  by  means  of  the  electric  light,  project  an  image 
of  a  pendulum  suspended  in  vacuo  on  the  screen.  You  see  that  the 
approach  of  .a  candle  giyes  the  bob  a  veritable  push,  and,  by  alter^* 
natoly  obscuring  and  uncovering  the  light,  I  can  make  the  pendulum 
beat  time  to  my  movements. 

What  then  is  the  cause  of  the  contradictory  action  in  these  two 
bulbs — attraction  in  one,  and  repulsion  in  the  other?  It  can  be 
explained  in  a  few  words.  Attraction  takes  place  when  air  is  present, 
and  repulsion  when  air  is  absent. 

Neutrality,  or  no  movement,  is  produced  when  the  vacuum  is 
insufficient.  A  minute  trace  of  air  in  the  apparatus  interferes  most 
materially  with  the  repulsion,  and  for  a  long  time  I  was  unaware 

of  the  powerful  action  produced  by 
radiation  in  a  *'  perfect "  vacuum. 

It  is  not  at  first  sight  obvious  how 
ice  or  a  cold  body  can  produce  the 
opposite  effect  to  heat  The  law  of 
exchanges,  however,  explains  this  per- 
fectly. The  pith  bar  and  the  whole 
of  the  surrounding  bodies  are  inces- 
santly exchanging  heat-rays ;  and 
under  ordinary  circumstances  the 
income  and  expenditure  of  heat  are 
in  equilibrium.  Let  me  draw  your 
attention  to  the  diagram  (Fig.  2) 
illustrating  what  takes  place  when  I 
bring  a  piece  of  ice  near  the  appa- 
ratus. The  centre  circle  represents 
my  piece  of  pith ;  the  arrows  show  the  influx  and  efflux  of  heat  A 
piece  of  ice  brought  near  cuts  off  the  influx  of  heat  from  one  side,  and 
therefore  allows  an  excess  of  heat  to  fiedl  on  the  pith  from  the  opposite 
side.  Attraction  by  a  cold  body  is  therefore  seen  to  be  only  re* 
pulsion  by  the  radiation  from  the  opposite  side  of  the  room. 

The  later  developments  of  this  research  have  demanded  the  utmost 
refinement  of  apparatus.  Everything  has  to  be  conducted  in  glass 
vessels,  and  these  must  be  blown  together  till  they  moke  one  piece, 
for  none  but  fused  joints  are  admissible.  In  an  investigation  de- 
pending for  its  successful  prosecution  on  manipulative  dexterity,  I 
have  been  fortunate  in  having  the  assistance  of  my  friend  Mr.  Charles 
GiminghanL  All  the  apparatus  you  see  bpfore  you  are  the  fruits  of 
his  skilful  manipulation,  and  I  now  want  to  draw  your  attention  to 
what  I  think  is  a  masterpiece  of  glass- working— the  pump  which 
enables  me  so  readily  to  produce  a  vacuum  unattainable  by  ordinary 
means. 
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The  pump  here  at  work  is  a  modification  of  the  Sprengel  pomp, 
bat  it  contains  two  or  three  valuable  improyements.  I  cannot 
attempt  to  describe  the  whole  of  the  arrangements,  but  I  will  rapidly 
run  over  them  as  illuminated  by  the  electric  light  It  has  a  triple 
faM  tube  in  which  the  mercury  is  carried  down,  thus  exhausting  vrith 
threefold  rapidity;  it  has  Dr.  McLeod's  beautiful  arrangement  for 
measuring  the  residual  gas;  it  has  gauges  in  all  directions,  and  a 
small  radiometer  attached  to  it  to  tell  the  amount  of  exhaustion  that 
I  get  in  any  experiments;  it  has  a  contrivance  for  admitting  oil  of 
vitriol  into  the  tubes  without  interfering  with  the  progress  of  the  ex- 
haustion, and  it  is  provided  with  a  whole  series  of  most  ingenious 
vacuum-taps  devised  by  Mr.  Gimingham.  The  exhaustion  produced 
in  this  pump  is  such  that  a  current  of  electricity  from  an  induction- 
ouil  will  not  pass  across  the  vacuum.  This  pump  is  now  exhausting 
a  torsion  balance,  which  will  be  described  presently.  Another  pump, 
of  a  similar  kind  but  less  complicated,  is  exhaustiog  an  appa- 
ratus which  has  enabled  me  to  pass  from  the  mere  exhibition  of  the 
phenomena  to  the  obtaining  of  quantitative  measurements. 

A  certain  amount  of  force  is  exerted  when  a  ray  of  light  or  heat 
falls  on  the  suspended  pith,  and  I  wished  to  ascertain — 

First.     What  were  the  actual  rays — invisible  heat,  luminous,  or 

ultra-violet — which  caused  this  action  ? 
Secondly.     What  influence  had  the  colour  of  the  surface  on  the 

action? 
Thirdly.    Was  the  amount  of  action  in  direct  proportion  to  the 

amount  of  radiation  ? 
Fourthly.    What  was  the  amount  of  force  exerted  by  radiation? 

I  required  an  apparatus  which  would  be  easily  moved  by  the 
impaet  of  light  on  it,  but  which  would  readily  return  to  zero,  so  that 
measurements  might  be  obtained  of  the  force  exerted  when  different 
amounts  of  light  acted  on  it.  At  first  I  made  an  apparatus  on  the 
ZoUner^s  horizontal  pendulum.  For  a  reason  that  wiU  be  explained 
presently,  I  am  unable  to  show  you  the  apparatus  at  work,  but  the 
principle  of  it  is  shown  in  the  diagram  (Fig.  8).  The  pendulum 
represented  by  this  horizontal  line  has  a  weight  at  the  end.  It  is 
supported  on  two  fibres  of  glass,  one  stretched  upwards  and  the  other 
stretched  downwards,  both  firmly  fastened  at  the  ends,  and  also 
attached  to  the  horizontal  rod  (as  shown  in  the  figure)  at  points  near 
together,  but  not  quite  opposite  to  one  another. 

It  is  evident  that  if  there  is  a  certain  amount  of  pull  upon  each  of 
these  fibres,  and  that  the  pull  can  be  so  adjusted  as  to  counteract  the 
weight  at  the  end  and  keep  it  horizontal,  the  nearer  the  beam 
approaches  the  horizontal  line  the  slower  its  rate  of  oscillation.  If  I 
relax  the  tension,  by  throwing  the  horizontal  beam  downwards,  I  get 
a  more  rapid  oscLUation  sideways.  If  I  turn  the  levelling  screw  so  as 
to  raise  the  beam  and  weight,  the  nearer  it  approaches  the  horizontal 
position  the  slower  the  oscillation  becomes,  and  the  more  delicate  is 
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the  instmment.  Here  is  the  actual  apparatus  that  I  tried  to  work 
with.  The  weight  at  the  end  is  a  piece  of  pith  ;  in  the  centre  is  a 
glass  mirror,  on  which  to  throw  a  ray  of  light,  so  as  to  enable  me  to 
see  the  movements  by  a  luminous  index.  The  instrument,  enclosed 
in  glass  and  exhausted  of  air,  was  mounted  on  a  stand  with  levelling 
screws,  and  with  it  I  tried  the  action  of  a  ray  of  light  falling  on  the 
pith.  I  found  that  I  could  get  any  amount  of  sensitiveness  that  I 
liked  ;  but  it  was  not  only  sensitive  to  the  impact  of  a  ray  of  light,  it 
was  immeasurably  more  so  to  a  change  of  horizon tality.  It  was,  in 
&ct,  too  delicate  for  me  to  work  with.  The  slightest  elevation  of  one 
end  of  the  instrument  altered  the  sensitiveness,  or  the  position  of  the 
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Eero-point,  to  such  a  degree  that  it  was  impossible  to  try  any  experi- 
ments with  it  in  such  a  place  as  London.  A  person  stepping  from 
one  room  to  another  altered  the  position  of  the  centre  of  gravity  of 
the  house.  If  I  walked  from  one  side  of  my  own  laboratory  to  the 
other,  I  lilted  the  house  over  sufficiently  to  upset  the  equilibrium  of 
the  apparatus.  Children  playing  in  the  streets  disturbed  it.  Professor 
Rood,  who  has  worked  with  an  apparatus  of  this  kind  in  America, 
finds  that  an  elevation  of  its  side  equal  to  ggoo^oooo  P^  ^^  ^^  ^^ 
is  sufficient  to  be  shown  on  the  instrument.  It  was  therefore  out  of 
the  question  to  use  an  instrument  of  this  construction,  so  I  tried 
another  form  (shown  in  Fig.  4),  in  which  a  fine  glass  beam,  having 
discs  of  pith  at  each  end,  is  suspended  horizontsilly  by  a  fine  glass 
fibre,  the  whole  being  s^ed  up  in  glass  and  peiiectly  exhausted. 
To  the  centre  of  oscilhttion  a  glass  mirror  is  attached. 

Now  a  glass  fibre  has  the  property  of  always  coming  back  to  zero 
when  it  is  twisted  out  of  its  position.  It  is  almost,  if  not  quite,  a 
perfectly  elastic  body.  I  will  show  this  by  a  simple  experiment. 
This  is  a  long  glass  fibre  hanging  vertically,  and  having  a  horizontal 
bar  suspended  on  it.  I  hold  the  bar,  and  turn  it  half  round;  it  swings 
backwards  and  forwards  for  a  few  times,  but  it  quickly  comes  back  to 
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Its  origixial  position.     However  mncli  twist,  however  much  torsion, 

may  be  pnt  on  this,  it  always  returns  ultimately  to  the  same  position. 

I  have  twisted  glass  fihres  round,  and  kept  them  in  a  permanent  state 

of  twist  more  than  a  hundred  complete  revolutions,  and  they  always 

came  hack  accurately  to  zero.    The  principle  of  an  instrument  that  I 

shall  describe  flBLrthor  on  depends  entirely  on  this  property  of  glass. 

Instead  of  using  silk  to  suspend  the  torsion  heam  with,  I  employ 
a  fibre  of  glass,  drawn  out  very  fine  before  the  hlowpipe.  A  thread 
of  glass  of  less  than  the  thousandth  of  an  inch  in  thickness  is  wonder- 
fully strong,  of  great  stifihess,  and  of  perfect  elasticity,  so  that  how- 
ever much  it  is  twisted  round  short  of  the  breaking  point,  it  untwists 
itself  perfectly  when  liberated.  The  advantage  of  using  glass  fihres 
for  suspending  my  heam  is,  therefore,  that  it  always  returns  accurately 
to  zero,  after  having  tried  an  experiment,  whilst  I  can  get  any  desired 
amount  of  sensitiveness  by  drawing  out  the  glass  fibre  sufficiently 
fine. 

Here,  then,  is  the  torsion  apparatus  sealed  on  to  a  Sprengel  pump. 
Ton  will  easily  understand  the  construction  by  reference  to  the 
diagram  (Fig.  4).  It  consists  of  a  horizontal  beam  suspended  by  a 
glass  fibre,  and  having  discs  of  pith  at  each  end  coated  with  lamp- 
black. The  whole  is  enclosed  in  a  glass  case,  made  of  tubes  blown 
together,  and  by  means  of  the  pnmp  the  air  is  entirely  removed.  In 
the  centre  of  the  horizontal  beam  is  a  silvered  mirror,  and  a  ray  firom 
the  electric  light  is  reflected  from  it  on  to  a  scale  in  front,  where  it  is 
visible  as  a  small  circular  spot  of  light.  It  is  evident  that  an  angular 
movement  of  the  torsion  beam  will  cause  the  spot  of  light  to  move  to 
the  right  or  to  the  left  along  the  scale.  I  will  first  show  you  the 
wonderful  sensitiveness  of  the  apparatus.  I  simply  place  my  finger 
near  the  pith  disc  at  one  end,  and  the  warmth  is  quite  sufficient  to 
drive  the  spot  of  light  several  inches  along  the  boblIo.  It  has  now 
returned  to  zero,  and  I  place  a  candle  near  it.  The  spot  of  light  flies 
off  the  scale.  I  now  bring  the  candle  near  it  alternately  from  one  side 
to  the  other,  and  you  see  how  perfectly  it  obeys  the  force  of  the  candle. 
I  think  the  movement  is  almost  better  seen  without  the  screen  than  with 
it.  The  fog,  which  has  been  so  great  a  detriment  to  everyone  else,  is 
rather  in  my  fi&vour,  for  it  shows  the  luminous  index  like  a  solid  bar  of 
light  swaying  to  and  fro  across  the  room.  The  warmth  of  my  finger,  or 
the  radiation  from  a  candle,  is  therefore  seen  to  drive  the  pith  disc 
away.  Here  is  a  lump  of  ice,  and  on  bringing  it  near  one  of  the  discs 
the  luminous  index  promptly  shows  a  movement  of  apparent  attraction. 
With  this  apparatus  I  have  tried  many  experiments,  and  amongst 
others  I  have  endeavoured  to  answer  the  question,  '*  Is  it  light,  or  is 
it  heat,  that  produces  the  movement?"  for  that  is  a  question  that  is 
asked  me  by  almost  everyone ;  and  a  good  many  appear  to  think  that 
if  the  motion  can  be  explained  by  an  action  of  heat,  all  the  novelty 
and  the  importance  of  the  discovery  vanish.  Now  this  question 
of  light  or  heat  is  one  I  cannot  answer,  and  I  think  that  when  I  have 
explained  the  reason  you  will  agree  wiib  me  that  it  is  unanswerable. 
Vol.  Vin.     (No.  64.)  b 
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There  is  no  physical  difference  between  light  and  heat  Here  is  a 
diagram  of  the  visible  spectrmn  (Fig.  5).  The  spectrum,  as  scientific 
men  understand  it,  extends  from  an  indefinite  distance  beyond  the  red 


FIG    5* 


to  an  indefinite  distance  beyond  the  violet.  We  do  not  know  how  far 
it  would  extend  one  way  or  the  other  if  no  absorbing  media  were 
present;  but,  by  what  we  may  call  a  physiological  accident,  the 
human  eye  is  sensitive  to  a  portion  of  the  spectrum  situated  between 
the  line  A  in  the  red  to  about  the  line  H  in  the  violet.  But  this  is 
not  a  physical  difference  between  the  luminous  and  non-luminous  ports 
of  the  spectrum ;  it  is  only  a  physiological  difference.  Now,  the  part 
at  the  i^  end  of  the  spectrum  possesses,  in  the  greatest  degree,  the 
property  of  causing  the  sensation  of  warmth,  and  of  dilating  the 
mercury  in  a  thermometer,  and  of  doing  other  things  which  are  con- 
venienUy  classed  among  the  effects  of  heat ;  the  centre  part  affects  the 
eye,  and  is  therefore  called  light ;  whilst  the  part  at  the  other  end  of 
the  spectrum  has  the  greatest  energy  in  producing  chemical  actum. 
But  it  must  not  be  forgotten  that  any  ray  of  the  spectrum,  from  what- 
ever part  it  is  selected,  will  produce  all  these  physical  actions  in  more 
or  less  degree.  A  ray  here,  at  the  letter  0  for  instance  in  the  orange, 
if  concentrated  on  the  bulb  of  a  thermometer,  will  cause  the  mercury 
to  dilate,  and  thus  show  the  presence  of  heaJt ;  if  concentrated  on  my 
hand  I  feel  toarmih ;  if  I  throw  it  on  the  &ce  of  a  thermo-pile  it 
will  produce  a  current  of  electricity ;  if  I  throw  it  upon  a  sensitive 
photographic  plate  it  will  produce  chemical  action  ;  and  if  I  throw  it 
upon  the  instrument  I  have  just  described,  it  will  produce  motion. 
What,  then,  am  I  to  call  that  ray?  Is  it  light,  heat,  electricity, 
chemical  action,  or  motion  ?  It  is  neither.  All  these  actions  are  in- 
separable attributes  of  the  ray  of  that  particular  wave-leugth,  and 
are  not  evidences  of  separate  identities.  I  can  no  more  split  that 
ray  up  into  five  or  six  different  rays  each  having  different  properties, 
than  I  can  split  up  the  element  iron,  for  instance,  into  other  elements, 
one  possessing  the  specific  gravity  of  iron,  another  its  magnetic 
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propertieB,  a  third  its  chemical  properties,  a  fourth  its  condncting 
power  for  heat,  and  so  on.  A  raj  of  light  of  a  definite  refrangibility 
is  one  and  indivisible,  jost  as  an  element  is,  and  these  different  pro- 
perties of  the  ray  are  mere  functions  of  that  refrangibilitj,  and 
inseparable  from  .it.  Therefore  when  I  tell  yon  that  a  ray  in  the 
nltra-red  poshes  the  instrmnent  with  a  force  of  100,  and  a  ray  in  the 
most  Inminons  part  has  a  dynamic  value  of  about  half  that,  it  mnst  be 
understood  that  the  latter  action  is  not  due  to  heat-rays  which 
accompany  the  luminous  rays,  but  that  the  action  is  one  purely  due  to 
the  wave-length  and  the  re&angibility  of  the  ray  employed.  Ton 
now  understand  why  it  is  that  I  cannot  give  a  definite  answer  to  the 
question,  ^ Is  it  heat  or  is  it  light  that  produces  these  movements?  " 
There  is  no  physical  difference  between  heat  and  light ;  so,  to  avoid 
eonfosion,  I  call  the  total  bundle  of  rays  which  come  from  a  candle 
or  the  son,  radiation. 

I  found,  by  throwing  the  pure  rays  of  the  spectrum  one  after  the 
other  upon  tins  apparatus,  that  I  could  obtain  a  very  definite  answer 
to  my  first  question,  '*What  are  the  actual  rays  which  cause  this 
action?" 

The  apparatus  was  fitted  up  in  a  room  specially  devoted  to  it, 
sod  was  protected  on  all  sides,  except  where  the  rays  of  light  had  to 
pass,  with  cotton-wool  and  large  bottles  of  water.  A  heliostat 
reflected  a  beam  of  sunlight  in  a  constant  direction,  and  it  was  re- 
ceived on  an  appropriate  arrangement  of  slit,  lenses,  prisms,  &a,  for 
projecting  a  pure  spectrum.  Results  were  obtained  in  the  months  of 
July,  August,  and  September;  and  they  are  given  in  the  figure 
(Fig.  5)  graphically  as  a  curve,  the  maximum  being  in  the  ultra-red 
and  the  wiinimnni  in  the  ultra-violet.  Taking  the  maximum  at  100, 
the  following  are  the  mechanical  values  of  the  different  colours  of  the 
spectrum: 

Ultra-red       100 

Extreme  red 85 

Red        73 

Orange 66 

YeUow 57 

Green     ; 41    • 

Bine       22 

Indigo 8| 

Violet     6 

Ultra-violet 5 

A  comparison  of  these  figures  is  a  sufficient  proof  that  the  mechanical 
action  of  radiation  is  as  much  a  function  of  the  luminous  rays  as  it  is. 
of  the  dark  heat-rays. 

The  second  question,  namely,  ^  What  influence  has  the  colour  of 
the  surface  on  the  action  ?  "  has  also  been  solved  by  this  a^pjaratus. 

In  order  to  obtain  comparative  results  between  discs  of  pith  coated 
with  lampblack  and  with  other  substances,  another  torsion  apparatus 
was  constructed,  in  which  six  discs  in  vacuo  could  be  exposed  one  after 
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the  other  to  a  standard  light.  One  disc  always  being  lampblacked 
pith,  the  other  discs  could  be  changed  so  as  to  get  comparisons  of 
action.  Galling  the  action  of  radiation  from  a  candle  on  the  lamp- 
blacked  disc  100,  Uie  following  are  the  proportions  obtained : 

lAmpblacked  pith       100 

Iodide  of  palladium 87'3 

Precipitated  ailyer       56 

Amorphous  phoBphorufl      40 

Sulphate  of  baryte        87 

Milk  of  sulphur 81 

Bed  oxide  of  iron 28 

Scarlet  iodide  of  mercury  and  copper  22 

Lampbladked  silver     18 

White  pith 18 

Carbonate  of  lead 18 

Bock-salt       6-5 

Glass      6-5 

This  table  gives  important  information  on  many  points :  one  more 
especially — ^the  action  of  radiation  on  lampblacked  pith  is  5^  times 
what  it  is  on  plain  pith.  A  bar  like  those  used  in  my  first  experi- 
ment, haying  one  htJf  black  and  one  half  white,  exposed  to  a  broad 
beam  of  radiation,  will  be  pushed  with  5^  times  more  strength  on  the 
black  than  on  the  white  half,  and  if  freely  sospended  wUl  set  at 
an  angle  greater  or  less  according  to  the  intensity  of  the  radiation 
fsJling  on  it. 

This  suggests  the  employment  of  such  a  bar  as  a  photometer,  and 
I  have  accordingly  made  an  instrmnent  on  this  principle :  its  con- 
straction  is  shown  in  the  diagram  (Fig.  6).  It  consists  of  a  flat  bar 
of  pith.  A,  half  black  and  half  white,  suspended  horizontally  in  a  bnlb 
by  means  of  a  long  silk  fibre.  A  reflecting  mirror,  B,  and  small 
magnet,  0,  are  fastened  to  the  pith,  and  a  controlling  magnet,  D,  is 
fastened  outside,  so  that  it  can  slip  up  and  down  the  tube,  and  thus 
increase  or  diminish  sensitiveness.  The  whole  is  completely  ex- 
hausted and  then  enclosed  in  a  box  lined  with  black  velvet,  with 
apertures  for  the  rays  of  light  to  pass  in  and  out.  A  ray  of  light  from 
a  lamp,  F,  reflected  from  the  mirror,  B,  to  a  graduated  scale,  O,  shows 
the  movements  of  the  pith  bar. 

The  instrument  fitted  up  for  a  photometric  experiment  is  in  front 
of  me  on  the  table.  A  beam  from  the  electric  light  falls  on  the  little 
mirror,  and  is  thence  reflected  back  to  the  screen,  where  it  forms  a 
spot  of  light,  the  displacement  of  which  to  the  right  or  the  left  shows 
the  movement  of  the  pith  bar.  One  end  of  the  bu*  is  blacked  on  each 
side,  the  other  end  being  left  plain.  I  have  two  candles,  E  E,  each  12 
inches  off  the  pith  bar,  one  on  each  side  of  it  When  I  remove  the 
screens,  H  H,  tibe  candle  on  one  side  will  give  the  pith  a  push  in  one 
direction,  and  the  candle  on  the  other  side  will  give  the  pith  a  push 
in  the  opposite  direction,  and  as  they  are  the  same  distance  off  they 
will  neutralize  each  other,  and  the  spot  of  light  will  not  move.  I  now 
take  the  two  screens  away ;  each  candle  is  pushing  the  pith  equally 
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in  opposite  directions,  and  the  luminons  index  remains  at  zero.  When, 
however,  I  cut  one  candle  off,  the  candle  on  the  opposite  side  exerts 
its  fnll  inflaence,  and  the  index  flies  to  one  end  of  the  scale.  I  cut 
the  other  one  off  and  obscure  the  first,  and  the  spot  of  light  flies  to 
the  other  side.  I  obscure  them  both,  and  the  index  comes  quickly  to 
zero.  I  remove  the  screens  simoltaneouslj,  and  the  index  does  not 
move. 

I  will  retain  one  candle  12  inches  of^  and  put  two  candles  on  the 
other  side  17  inches  off.  On  removing  the  screens  you  see  the  index 
does  not  move  from  zero.  Now  the  square  of  12  is  144,  and  the 
square  of  17  is  289.  Twice  144  is  288.  The  light  of  these  candles, 
therefore,  is  as  288  to  289.  They  therefore  balance  each  other  as 
nearly  as  possible.  Similarly  I  can  balance  a  gas-light  against  a 
candle.  I  have  a  small  gas-burner  here,  which  I  place  28  inches  off 
on  one  side,  and  you  see  it  balances  the  candle  12  inches  ofil  These 
experiments  show  how  conveniently  and  accurately  this  instrument 
can  be  used  as  a  photometer.  By  balancing  a  standard  candle  on  one 
side  against  any  source  of  light  on  the  other,  the  value  of  the  latter 
in  terms  of  a  candle  is  readily  shown ;  thus  in  the  last  experiment  the 
standard  candle  12  inches  off  is  balanced  by  a  gas-flame  28  inches  off. 
The  lights  are  therefore  in  the  proportion  of  12^  to  28^  or  as  1  to 
6*4.    The  gas-burner  is  therefore  equal  to  about  5^  candles. 

In  practical  work  on  photometry  it  is  often  required  to  ascertain 
the  value  of  gas.  Oas  is  spoken  of  commercially  as  of  so  many 
candle-power.  There  is  a  certain  ''standard"  candle  which  is  sup- 
posed to  be  made  invariable  by  Act  of  Parliament.  I  have  worked  a 
great  deal  with  these  standard  candles,  and  I  find  them  to  be  among 
Uie  most  variable  things  in  the  world.  They  never  bum  with  the 
same  luminosity  from  one  hour  to  the  other,  and  no  two  candles  are 
alike.  I  can  now,  however,  easily  get  over  this  difficulty.  I  place  a 
''  standard  "  candle  at  such  a  distance  from  the  apparatus  that  it  gives 
a  deflection  of  100  degrees  on  the  scale.  If  it  is  poorer  than  the 
standard,  I  bring  it  nearer ;  if  better,  I  put  it  farther  off.  Indeed,  any 
candle  may  be  taken ;  and  if  it  be  placed  at  such  a  distance  from  the 
apparatus  that  it  will  give  a  uniform  deflection,  say  of  100  divisions, 
the  standard  can  be  reproduced  at  any  subsequent  time;  and  the 
burning  of  the  candle  may  be  tested  during  the  photometric  experi- 
ments by  taking  the  deflection  it  causes  from  time  to  time,  and 
altering  its  distance,  if  needed,  to  keep  the  deflection  at  100  divisions. 
The  gas-light  to  be  tested  is  placed  at  such  a  distance  on  the  opposite 
side  of  the  pith  bar  that  it  exactly  balances  the  candle.  Then,  by 
squaring  the  distances,  I  get  the  exact  proportion  between  the  gas  and 
the  candle. 

Before  this  instrument  can  be  used  as  a  photometer  or  light 
measurer,  means  must  be  taken  to  cut  off  from  it  all  those  rays  coming 
from  the  candle  or  gas  which  are  not  actually  luminous.  A  reference 
to  the  spectrum  diagram  (Fig.  6)  will  show  that  at  each  end  of  the 
coloured  rays  there  is  a  large  space  inactive,  as  far  as  the  eye  is  con- 
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oemed,  but  actiye  in  respect  to  the  production  of  motion — strongly  so 
at  the  red  end,  less  strong  at  the  violet  end.  Before  the  instrument 
can  be  nsed  to  measure  Imninosity,  these  rays  must  be  cut  off.  We 
buy  gas  for  the  light  that  it  gives,  not  for  the  heat  it  evolves  on 
bnmingy  and  it  would  therefore  never  do  to  measure  the  heat  and  pay 
for  it  as  light. 

It  has  been  found  that  a  clear  plate  of  alum,  whilst  letting  all  the 
light  through,  is  almost,  if  not  quite,  opaque  to  the  heating  rays  below 
the  red.  A  solution  of  alum  in  water  is  almost  as  effective  as  a 
crystal  of  alum ;  if,  therefore,  I  place  in  front  of  the  instrument  ghiss 
cells  containing  an  aqueous  solution  of  alum,  the  dark  heat-rays  are 
filtered  off. 

But  the  ultra-violet  rays  still  pass  through,  and  to  cut  these  off  I 
dissolve  in  the  alum  solution  a  quantity  of  s^phate  of  quinine.  This 
body  has  the  property  of  cutting  off  the  ultra-violet  rays  from  a  point 
between  the  luies  O  and  H.  A  combination  of  alum  and  sulphate  of 
quinine,  therefore,  limito  the  action  to  those  rays  which  affect  the 
human  eye,  and  the  instrument,  such  as  you  see  it  before  you,  becomes 
a  true  photometer. 

This  instrument,  when  ito  sensitiveness  is  not  deadened  by  the 
powerful  control  magnet  I  am  obliged  to  keep  near  it  for  these 
experiments,  is  wonderfully  sensible  to  light.  In  my  own  laboratory 
a  candle  36  feet  off  produces  a  decided  movement,  and  the  motion  of 
the  index  increases  inversely  with  the  square  of  the  distance,  thus 
answering  the  third  question,  **  Is  the  amount  of  action  in  direct  pro- 
portion to  the  amount  of  radiation  ?  " 

The  experimental  observations  and  the  numbers  which  are  re- 
quired by  tiie  theoretical  diminution  of  light  with  the  square  of  the 
.  distence,  are  sufficiently  close,  as  the  following  figures  show : 

Candle  6  feet  off  gives  a  deflection  of  218*0° 

130° 
77  0° 
190° 

The  effect  of  two  candles  side  by  side  is  practically  double,  and  of 
three  candles  three  times  that  of  one  candle. 

In  the  instrument  just  described  the  candle  acto  on  a  pith  bar, 
one  end  of  which  is  blacked  on  each  side.  But  suppose  I  black  the 
bar  on  alternate  halves  and  place  a  light  near  it  sufficiently  strong 
to  drive  the  bar  half  round.  The  light  will  now  have  presented  to 
it  another  black  surface  in  the  same  position  as  the  first,  and  the  bar 
will  be  again  driven  in  the  same  diroction  half  round.  This  action 
will  be  again  repeated,  the  differential  action  of  the  light  on  the 
black  and  white  surfaces  keeps  the  bar  moving,  and  the  result  will  be 
rotation. 


n 

18 

9» 

24 

If 

10 

9> 

20 

» 

80 

Digitized  by  VjOOQIC 


56 


Mr.  PT.  CTo6ke% 


[Feb.  11, 


FIC.  7 


Here  is  Buch  a  pith  bar,  blacked  on  alternate  sides,  and  snspended 

in  an  exhausted  glass  bulb  (Fig.  7^.     I  project  its  image  on  the 

screen,  and  the  strong  light  whidb  shines  on  it  sets  it  rotating  with 

considerable  velocity.     Now  it  is  slackening  speed,  and  now  it  has 

stopped  altogether.    The  bar  is  sapported  on  a  fibre  of 

silk,  which  has  twisted  round  till  the  rotation  is  stopped 

by  the  accnmnlated  torsion.    I  put  a  water  screen  b^ 

tween  the  bar  and  the  electric  light  to  cut  off  some  of 

the  active  rays,  and  the  silk  untwists,  turning  the  bar 

in  the  opposite  direction.    I  now  remove  the  water, 

and  the  bar  revolves  rapidly  as  at  first. 

From  suspending  the  pith  on  a  silk  fibre  to  balan- 
cing it  on  a  point  the  transition  is  slight;  the  interfering 
action  of  torsion  is  thereby  removed,  and  the  instru- 
ment rotates  continuously  under  the  influence  of  radia- 
tion. Many  of  these  little  pieces  of  apparatus,  to 
which  I  have  given  the  name  of  radiometers,  are  on 
the  table,  revolving  with  more  or  less  speed.  The 
diagram  (Fig.  8)  shows  their  construction,  which  is 
very  simple.  They  are  formed  of  four  arms  of  very 
fine  glass,  supported  in  the  centre  by  a  needle-point, 
and  having  at  the  extremities  thin  discs  of  pith  lamp- 
blacked  on  one  side,  the  black  surfaces  all  facing  the 
same  way.  The  needle  stands  in  a  glass  cup,  and  the 
arms  and  discs  are  delicately  balanced  so  as  to  revolve 
with  the  slightest  impetus. 

Here  are  some  rotating  by  the  light  of  a  candle. 
This  one  is  now  rather  an  historical  instrument,  being 
the  first  one  in  which  I  saw  rotation.  It  goes  very 
slowly  in  comparison  with  the  others,  but  it  is  not  bad 
for  the  first  instrument  of  the  sort  that  was  ever  made. 
I  will  now,  by  means  of  a  vertical  lantern,  throw 
on  the  screen  the  projection  of  one  of  these  instru- 
ments, so  as  to  show  the  movement  rather  better  than 
you  could  see  it  on  the  table.  The  electric  light 
&lling  vertically  downwards  on  it,  and  much  of  the 
power  being  cut  off  by  water  and  alum  screens,  the  ro- 
tation is  slow.  I  bring  a  candle  near  and  the  speed 
increases.  I  now  lift  tibe  radiometer  up,  and  place  it 
full  in  the  electric  light,  projecting  its  image  direct 
on  the  screen,  and  it  goes  so  rapidly  that  if  I  had  not  cut  out  the 
four  pieces  of  pith  of  different  shapes  you  would  have  been  unable  to 
follow  the  movement. 

The  speed  with  which  a  sensitive  radiometer  will  revolve  in  the 
sun  is  almost  incredible ;  and  the  electric  light  such  as  I  have  in  this 
lantern  cannot  be  far  short  of  full  sunsMne.  Here  is  the  most 
sensitive  instrument  I  have  yet  made,  and  I  project  its  image  on  the 
screen,  letting  the  full  blaze  of  the  electric  Ught  shine  upon  it. 
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Nothing  is  seen  but  an  nndefined  nebulous  ring,  whicb  becomes  at 

limes  abnost  invisible.     The  number  of  revolutions  per  seoond  cannot 

be  oounted,  bat  they  must  be  several  hundreds,  for  one  candle  has 

made  it  spin  round  forty  times  a  second. 

I  have  called  the  instrument  the  radiometer,  because  it  will  enable 

me  to  measure  the  intensity  of  radiation  falling  on  it  by^  counting  the 

revolutions  in  a  given  time ;  the  law  being 

that  the  rapidity  of  revolution  is  inversely 

as  the  square  of  the  distance  between  the 

light  and  the  instrument. 

When  exposed  to  different  numbers  of 

candles  at  the  same  distance  o£^  the  speed 

of  revolution  in  a  given  time  is  in  propor- 
tion to  the  number  of  candles ;  two  candles 

giving  twice  the  rapidity  of  one  candle, 

and  three,  three  times,  &o. 

The  position  of  the  light  in  the  hori- 
zontal plane  of  the  instrument  is  of  no 
consequence,  provided  the  distance  is  not 
altered ;  thus  two  candles,  1  foot  o£f^  give 
the  same  number  of  revolutions  per  second, 
whether  they  are  side  by  side  or  opposite 
to  each  other.  From  tifiis  it  follows  that 
if  the  radiometer  is  brought  into  a  uni- 
formly lighted  space  it  will  continue  to 
revolve. 

It  is  easy  to  get  rotation  in  a  radio- 
meter without  having  the  surfaces  of  the 
discs  differently  coloured.  Here  is  one 
having  the  pith  discs  blacked  on  both 
sides.  I  project  its  image  on  the  screen,  and  there  is  no  movement. 
I  bring  a  candle  near  it,  and  shade  the  light  from  one  side,  when 
rapid  rotation  is  produced,  which  is  at  once  altered  in  direction  by 
moving  the  shade  to  the  other  side. 

I  have  arranged  here  a  radiometer  so  that  it  can  be  made  to  move 
by  a  very  fiednt  light,  and  at  the  same  time  its  rotation  is  easily 
followed  by  all  present.  In  this  bulb  is  a  large  six-armed  radiometer 
carrying  a  mirror  in  its  centre.  The  mirror  is  almost  horizontal,  but 
not  quite  so,  and  therefore  when  I  throw  a  beam  of  electric  light 
vertically  downwards  on  to  the  central  mirror,  the  light  is  reflected 
off  at  a  slight  angle,  and  as  the  instrument  rotates  its  movement  is 
shown  by  i£e  spot  of  light  travelling  round  the  ceiling  in  a  circle. 
Here  again  the  fog  helps  us,  for  it  gives  us  an  imponderable  beam  of 
light  moving  round  the  room  like  a  solid  body,  and  saving  you  the 
trouble  of  looking  up  to  the  ceiling.  I  now  set  the  radiometer 
moving  round  by  the  fight  of  a  candle,  and  I  want  to  show  you  that 
coloured  light  does  not  very  much  interfere  with  the  movement.  I 
place  yellow  glass  in  front,  and  the  movement  is  scarcely  diminished 


Digitized  by  VjOOQIC 


68  Mr.  W.  Orookes  [Feb.  11, 

at  all.  Very  deep  coloured  glass,  you  see,  diminishes  it  a  little  more. 
Blue  and  green  glass  make  it  go  a  little  slower,  but  still  do  not 
diminish  the  speed  one-half.  I  now  place  a  screen  of  water  in  front : 
the  instrument  moves  with  diminished  velocity,  rotating  with  about 
one-fourth  its  original  speed. 

Taking  the  action  produced  by  a  candle  flame  as  100 

Yellow  glass  leduces  it  to      89 

|ed         „         „       „          71 

Blue        „          „        „          56 

Green      „         „        „          56 

Water      «         „        „          26 

Alnm       w          •>        w          15 

I  now  move  the  candle  a  little  distance  o£f^  so  as  to  make  the 
instrument  move  slower,  and  bring  a  flask  of  boiling  water  close  to  it. 
See  what  happens.  The  luminous  index  no  longer  moves  steadily, 
but  in  jerks.  Each  disc  appears  to  come  up  to  the  boiling  water  with 
difficulty,  and  to  hurry  past  it.  More  and  more  sluggidily  do  they 
move  past,  until  now  one  has  failed  to  get  by,  and  the  luminous 
beam,  after  oscillating  to  and  fro  a  few  times,  comes  to  rest.  I  now 
gradually  bring  the  candle  near.  The  index  shows  no  movement. 
Nearer  still.  There  is  now  a  commencement  of  motion,  as  if  the 
radiometer  was  trying  to  push  past  the  resistance  offered  by  the  hot 
water ;  but  it  is  not  until  I  have  brought  the  candle  to  within  a  few 
inches  of  the  glass  globe  that  rotation  is  recommenced.  On  these 
pith  radiometers  the  action  of  dark  heat  is  to  repel  the  black  and 
white  sur&ces  almost  equally,  and  this  repulsion  is  so  energetic  as 
to  overcome  the  rotation  caused  by  the  candle,  and  to  stop  the  in- 
strument. 

With  a  radiometer  constructed  of  a  good  conductor  of  heat,  such 
as  metal,  the  action  of  dark  heat  is  different.  Bere  is  one  made  of 
silvered  copper,  polished  on  one  side  and  lampblacked  on  the  other. 
I  have  set  it  moving  with  a  candle  slightly  the  normal  way.  Here 
is  a  glass  shade  heated  so  that  it  feels  decidedly  warm  to  the  hand. 
I  cover  the  radiometer  with  it,  and  the  rotation  first  stops,  and  then 
recommences  the  reverse  way.  On  removing  the  hot  shade  the 
reverse  movement  ceases,  and  normal  rotation  recommences. 

If,  however,  I  place  a  hot  glass  shade  over  a  pith  radiometer  the 
arms  at  once  revolve  the  normal  way,  as  if  I  had  exposed  the  instru- 
ment to  light.  The  diametrically  opposite  behaviour  of  a  pith  and  a 
metal  instrument  when  exposed  to  the  dark  heat  radiated  from  a  hot 
glass  shade  is  very  striking.  The  explanation  of  the  action  is  not 
easy,  but  it  depends  on  the  fact  that  the  metal  is  one  of  the  best  con- 
ductors of  heat,  whilst  pith  is  one  of  the  worst. 

One  more  experiment  with  this  metallic  radiometer.  I  heat  it 
strongly  with  a  spirit  lamp,  and  the  arms  spin  round  rapidly.  Now 
the  whole  bulb  is  hot,  and  I  remove  the  lamp :  see  what  happens. 
The  rotation  quickly  diminishes.     Now  it  is  at  rest ;  and  now  it  is 
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Bpinning  round  just  as  fSost  the  reyerse  way.  I  can  procure  this 
reTerae  moTement  only  with  difficulty  with  a  pith  instmment.  The 
action  is  due  to  the  metal  being  a  good  conductor  of  heat.  As  it 
absorbs  heat  it  moves  one  way;  as  it  radiates  heat  it  moves  the 
opposite  way. 

At  first  I  made  these  instruments  of  the  very  lightest  material 
possible,  some  of  them  not  weighing  more  than  half  a  grain ;  and 
where  extreme  sensitiveness  is  required  lightness  is  essential.  But 
the  force  which  carries  them  round  is  quite  strong  enough  to  move  a 
mudi  greater  weight.  Thus  the  metallic  instrument  I  have  just 
experimented  with  weighs  over  13  grains,  and  here  is  one  still  heavier, 
made  of  four  pieces  of  looking-glass  blacked  on  the  silvered  side, 
which  are  quickly  sent  round  by  the  impact  of  this  imponderable 
agent,  and  flash  the  rays  of  light  all  roxmd  the  room  when  tiie  electric 
lamp  is  turned  on  the  instrument. 

Before  dismissing  this  instrument,  let  me  show  one  more  experi- 
ment. I  place  the  looking-glass  and  the  metal  radiometer  side  by 
side,  and,  screening  the  light  from  them,  they  come  almost  to  rest. 
Their  temperature  is  the  same  as  that  of  the  room.  What  will 
happen  if  I  suddenly  chill  them  ?  I  pour  a  few  drops.of  ether  on  each 
of  die  bulbs.  Both  instruments  begin  to  revolve.  But  notice  the 
difTerence.  Whilst  the  movement  in  the  case  of  the  metal  radiometer 
is  direct,  that  of  the  looking-glass  instrument  is  reverse.  And  yet  to 
a  candle  they  both  rotate  the  same  way,  the  black  being  repelled. 

Now,  having  found  that  this  force  would  carry  round  a  com- 
paratively heavy  weight,  another  useful  application  suggested  itself. 
If  I  can  carry  round  heavy  mirrors  or  plates  of  copper,  I  can  carry 
round  a  magnet  Here,  then  (Fig.  9),  is  an  instrument  carrying  a 
magnet,  and  outside  is  a  smaller  magnet,  delicately  balanced  in  a 
vertical  position,  having  the  south  pole  at  the  top  and  the  north  pole 
at  the  bottom.  As  ^e  inside  magnet  comes  round,  the  outside 
magnet,  being  delicately  suspended  on  its  centre,  bows  backwards  and 
forwards,  and,  making  contact  at  the  bottom,  carries  an  electric 
current  f^om  a  battery  to  a  Morse  instrument.  A  ribbon  of  paper  is 
drawn  through  the  "  Morse  "  by  clockwork,  and  at  each  contact — at 
each  revolution  of  the  radiometer— a  record  is  printed  on  the  strip  of 
paper  by  dots ;  close  together  if  the  radiometer  revolves  quickly, 
farther  apart  if  it  goes  slower. 

Here  the  inner  magnet  is  too  strong  to  allow  the  radiometer  to 
start  with  a  faint  light  without  some  initial  impetus.  Imagine  the 
instrument  to  be  on  the  top  of  a  mountain  away  from  everybody,  and 
I  wish  to  start  it  in  the  morning.  Outside  the  bulb  are  a  few  coils  of 
insulated  copper  wire,  and  by  depressing  the  key  for  an  instant  I  pass 
an  electric  current  from  the  battery  through  them.  The  interior 
magnet  is  immediately  deflected  from  its  north-south  position,  and  the 
impetus  thus  gained  enables  the  light  to  keep  up  the  rotation.  In  a 
proper  meteorological  instrument  I  should  have  an  astatic  combination 
inside  the  bulb,  so  that  a  very  faint  light  would  be  sufficient  to  start 
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it,  but  in  this  case  I  am  obliged  to  set  it  going  by  an  electric  onirent. 
I  have  placed  a  candle  near  the  magnetic  radiometer.  I  now  touch 
the  key;  the  instrument  immediately  responds;  the  paper  unwinds 
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INSTHUMENT 


KEY 


from  the  Morse  instrument,  and  on  it  you  will  see  dots  in  regular 
order.  I  put  the  candle  8  inches  o£f^  and  the  dots  come  wide  apart. 
I  place  it  6|  inches  off,  and  two  dots  come  where  one  did  before.  I 
bring  the  candle  4  inches  from  the  instrument,  and  the  dots  become 
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four  times  as  numerous  (Fig.  10),  thus  recording  automatically  the 
intensity  of  the  light  falling  on  the  instrument,  and  proTing  that  in 
this  case  also  the  radiometer  obeys  the  law  of  inyerse  squares. 
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This  insimment,  the  principle  of  which  I  have  iUnBtrated  to-night, 
is  not  a  mere  toy  or  teientific  cnrioBitj,  bnt  is  capable  of  giving 
much  nsefnl  information  in  climatology.  Ton  are  well  aware  that 
the  temperature,  the  rainfall,  the  atmospheric  pressure,  the  direction 
and  force  of  >  the  wind,  are  now  carefully  studied  in  most  countries,  in 
order  to  elucidate  their  sanitary  condition,  their  animal  and  vegetable 
productions,  and  their  agricultural  capabilities.  But  one  most  im- 
portant element,  the  amount  of  light  received  at  any  given  place,  has 
been  hitherto  but  very  crudely  and  approximately  estimated,  or  rather 
guessed  at.  Yet  it  cannot  be  denied  that  sunlight  has  its  effect  upon 
life  and  health,  vegetable,  animal,  and  human,  and  that  its  relative 
amount  at  any  place  is  hence  a  point  of  no  small  moment  The  diffi- 
culty is  now  overcome  by  such  an  instrument  as  this.  The  radio- 
meter may  be  permanently  placed  on  some  tall  building,  or  high 
mountain,  and,  by  connecting  it  by  telegraphic  wires  to  a  central 
observatory,  an  exact  account  can  be  kept  of  the  proportion  of  sunlight 
reoeiTed  in  different  latitudes,  and  at  various  heights  above  the  sea 
level.  Furthermore,  our  records  of  the  comparative  temperature  of 
different  places  have  been  hitherto  deficient.  The  temperature  of  a 
country  depends  partly  on  the  amount  of  rays  which  it  receives  direct 
firarn  ^e  sun,  and  partly  on  the  atmospheric  and  oceanic  currents, 
warm  or  cold,  which  sweep  over  or  near  it.  The  thermometer  does 
not  discriminate  between  these  influences;  but  the  radiometer  will 
enable  us  now  to  distinguish  how  much  of  the  annual  temperature  of 
a  place  is  due  to  the  direct  influence  of  the  sun  alone,  and  how  much 
to  the  other  factors  above  referred  to. 

I  now  come  to  the  last  question  which  I  stated  at  the  beginning  of 
this  discourse,  ^  What  is  the  amount  of  force  exerted  by  radiation  ?  " 
Well,  I  can  calculate  out  the  force  in  a  certain  way,  from  data  supplied 
by  this  torsion  apparatus  TFig.  4).  Knowing  the  weight  of  the  beam, 
the  power  of  the  torsion  fiore  of  glass,  its  time  of  oscHlation,  and  the 
fiise  of  the  sur&oe  acted  on,  it  is  not  difficult  to  calculate  the  amount 
of  force  required  to  deflect  the  beam  through  a  given  angle ;  but  I 
want  to  get  a  more  direct  measure  of  the  force.  I  throw  a  ray  of 
light  upon  one  of  these  instruments,  and  it  gives  a  push ;  surely  it  is 
possible  to  measure  the  amount  of  this  push  in  parts  of  a  grain.  This 
I  have  succeeded  in  doing  in  the  instrument  behind  me ;  but  before 
showing  the  experiment  I  want  to  illustrate  the  principle  upon  which 
it  depends.  Here  is  a  very  fine  glass  fibre  suspended  from  a  hori- 
zontal bar,  and  I  wish  to  show  you  the  strength  of  it.  The  fibre  is 
only  a  few  thousandths  of  an  inch  thick ;  it  is  about  3  feet  long,  and 
at  the  lower  end  is  hanging  a  scale-pan,  weighing  100  grains.  So  I 
start  with  a  pull  of  100  grains  on  it.  I  now  add  little  lead  weights, 
&0  grains  each,  till  it  breidcs.  It  bears  a  pull  of  750  grains,  but  gives 
vray  when  additional  weight  is  added.  Tou  see  then  the  great  strengtii 
of  a  fibre  of  glass,  so  fine  as  to  be  invisible  to  all  who  are  not  dose  to 
it,  io  resist  a  tensile  strain. 

Now  I  will  illustrate  another  equally  important  property  of  a  glass 
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thread,  viz.  its  power  to  resist  torsion.  Here  is  a  still  finer  glass 
thread,  stretohed  horizontally  between  two  supports :  and  in  order  to 
show  its  position  I  hare  put  little  jockeys  of  paper  on  it.  One  end  is 
cemented  firmly  to  a  wooden  block,  and  the  other  end  is  attached  to  a 
little  instrument  called  a  counter — a  little  machine  for  registering  the 
number  of  revolutions.  I  now  turn  this  handle  till  the  fibre  breaks, 
and  the  counter  will  tell  me  how  many  twists  I  have  given  this  fibre 
of  glass.  Yqu  see  it  breaks  at  twenty  revolutions.  This  is  rather  a 
thicker  fibre  than  usual.  I  have  had  them  bear  more  than  200  turns 
without  breaking,  and  some  that  I  have  worked  with  are  so  fine  that 
if  I  hold  one  of  them  by  the  end  it  curls  itself  up  and  floate  about 
the  room  like  a  piece  of  spider's  thread. 

Having  now  illustrated  these  properties  of  glass  fibres,  I  will  try 
to  show  a  very  delicate  experiment.  I  want  to  ascertain  the  amount 
of  pressure  which  radiation  exerts  on  a  blackened  surface.  I  will  put 
a  ray  of  light  on  the  pan  of  a  balance,  and  give  you  its  weight  in 
grains ;  for  I  think  in  this  Institution  and  before  this  audience  I  may 
be  allowed  a  scientific  use  of  the  imagination,  and  may  speak  of 
weighing  that  which  is  not  affected  by  gravitation. 

The  principle  of  the  instrument  is  ^that  of  W.  Bitehie's  torsion 
balance,  described  by  him  in  the  'Philosophical  Transactions'  for 
1830.  The  construction  is  somewhat  complicated,  but  it  can  be  made 
out  on  reference  to  the  diagram  (Fig.  11).  A  light  beam,  A  B,  having 
2  square  inches  of  pith,  0,  at  one  end,  is  balanced  on  a  very  fiiie  fibre 
of  glass,  D  D',  stretohed  horizontally  in  a  tube ;  one  end  of  the  fibre 
being  connected  with  a  torsion  handle,  E,  passing  through  the  tube, 
and  indicating  angular  movements  on  a  graduated  circle.  The  beam 
is  cemented  to  the  torsion  fibre,  and  the  whole  is  enclosed  in  glass 
and  connected  with  the  mercury  pump  by  a  spiral  tube,  F,  and  ex- 
hausted as  perfectly  as  possible.  G  is  a  spiral  spring,  to  keep  the 
fibre  in  a  uniform  state  of  tension.  H  is  a  piece  of  cocoon  silk.  I  is 
a  glass  stopper,  which  is  ground  into  the  tube  as  perfectly  as  possible, 
and  then  highly  polished  and  lubricated  with  melted  indiarubber, 
which  is  the  only  substance  I  know  that  allows  perfect  lubrication 
and  will  still  hold  a  vacuum.  The  pith,  C,  represente  the  scale-pan 
of  the  balance.  The  cross-beam,  A  B,  which  carries  it,  is  cemented 
firmly  to  the  thin  glass  fibre,  D,  and  in  the  centre  is  a  piece  of 
mirror,  E.  Now  the  cross-beam  A  B  and  the  fibre  D  being  rigidly 
connected  together,  any  twist  which  I  give  to  the  torsion  mwdle  E 
will  throw  &e  beam  out  of  ac^ustment.  K,  on  the  other  hand,  I 
place  a  weight  on  the  piece  of  pith  C,  that  end  of  the  beam  will  fall 
down,  and  I  shall  have  to  turn  the  handle,  E,  round  and  round  a 
certain  number  of  times,  until  I  have  put  su£Sicient  torsion  on  the  fibre 
D  to  lift  up  the  beam.  Now,  according  to  the  law  of  torsion,  the  force 
with  which  a  perfectly  elastic  body  like  glass  tends  to  untwist  itself 
is  directly  proportional  to  the  number  of  degrees  through  which  it 
has  been  twisted ;  therefore,  knowing  how  many  degrees  of  torsion  I 
must  put  on  the  fibre  to  lift  up  the  y^  of  a  grain  weight,  I  can  tell 
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how^any  degrees  of  torsion  are  required  to  lift  up  any  other  weight ; 
and  conyersely,  putting  an  unknown  weight  or  pressure  on  the  pith, 

1  can  find  its  equivalent  in  grains  by  seeing  how  much  torsion  it  is 
equal  to.  Thus,  if  t-^tt  of  a  grain  requires  10,000  degrees  of  torsion, 
^  of  a  grain  would  require  20,000  d^rees ;  and  conversely,  a  weight 
which  required  6000  degrees  torsion  would  weigh  ^-J^  of  a  grain. 
Once  knowing  the  torsion  equivalent  of  -j^  of  a  grain,  the  ratio  of 
the  known  to  the  unknown  weights  is  given  by  the  degrees  of  torsion. 

Having  thus  explained  the  working  of  the  torsion  balance  I  will 
proceed  to  the  actual  experiment.  On  the  central  mirror  I  throw  a 
ray  from  the  electric  light,  and  the  beam  reflected  on  a  particular  spot 
of  the  ceiling  will  represent  zero.  The  graduated  circle  J  of  the 
instrument  also  stands  at  zero,  and  the^  counter  which  I  fasten  on  at 
the  end  L  stands  at  O.  The  position  of  the  spot  of  light  reflected 
from  the  little  concave  mirror  being  noted,  the  torsion  balance  enables 
me  to  estimate  the  pressure  or  weight  of  a  beam  of  light  to  a  surprising 
degree  of  exactness.  I  lifb  up  my  little  iron  weight  by  means  of  a 
magnet  (for  working  in  a  vacuum  I  am  restricted  in  the  means  of 
manipulating),  and  drop  it  in  the  centre  of  the  pith :  it  knocks  the 
scale-pan  down,  as  if  I  had  placed  a  pound  weight  upon  an  ordi- 
nary balance,  and  the  index-ray  of  light  has  flown  far  from  the  zero- 
point  on  the  ceiling.  I  now  put  torsion  on  the  fibre  to  bring  the  beam 
again  into  equilibrium.  The  index-ray  is  moving  slowly  back  again. 
At  last  it  is  at  zero,  and  on  looking  at  the  circle  and  counter  I  see 
that  I  have  had  to  make  27  complete  revolutions  and  301  degrees,  or 
27  X  860°  +  301°  =  10,021°,  before  the  force  of  torsion  would  balance 
the  Ywjf  of  a  grain. 

I  now  remove  the  weight  from  the  pith-pan  of  my  balance,  and 
liberate  the  glass  thread  from  torsion  by  twisting  it  back  again.  Now 
the  spot  of  light  on  the  ceiling  is  at  zero,  and  the  counter  and  index 
are  again  at  O. 

Having  thus  obtained  the  value  of  the  y^  of  a  grain  in  torsion 
degrees,  I  will  get  the  same  for  the  radiation  from  a  candle.  I  place 
a  lighted  candle  exactly  6  inches  from  the  blackened  surface,  and  on 
removing  the  screen  the  pith  scale-pan  falls  down,  and  the  index-ray 
again  flies  across  the  ceiling.  I  now  turn  the  torsion  handle,  and  in 
much  less  time  than  in  the  former  case  the  ray  is  brought  back  to  zero. 
On  looking  at  the  counter  1  find  it  registers  four  revolutions,  and  the 
index  points  to  188  degrees,  making  altogether  360°  x  4  -|- 188  =  1628^ 
through  which  the  torsion  fibre  has  to  be  twisted  to  balance  the  light 
of  the  candle. 

It  is  an  easy  calculation  to  convert  this  into  parts  of  a  grain  weight ; 
10,021  torsion  degrees  representing  0*01  grain,  1628  torsion  degrees 
represent  0*001624  grain. 

10,021'^  :  001  grain  : :  1628°  :  0001624  grain. 

The  radiation  of  a  candle  6  inches  off,  therefore,  weighs  or  presses  the 

2  square  inches  of  blackened  pith  with  a  weight  of  0*001624  grain. 


Digitized  by  VjOOQIC 


1876.]  on  the  Medtanieal  Actum  of  Light,  65 

In  my  own  laboraioiy,  working  with  this  torsion  balance,  I  fonnd  that 
a  candle  6  inches  off  gave  a  pressure  of  0*001772  grain.  The  differ- 
ence is  only  0*000148  grain,  and  is  fairly  within  the  allowable  limits 
of  a  discourse  experiment.  But  this  balance  is  capable  of  weighing  to 
&r  greater  accuracy  than  that  You  have  seen  that  a  torsion  of  10,021° 
balanced  the  hundredth  of  a  grain.  If  I  giye  the  fibre  1  degree  more 
twist  the  weight  is  oyer-balanced,  as  shown  by  the  movement  of  the 
index-ray  on  the  ceiling.  Now  1  degree  of  torsion  is  about  the  loipq 
part  of  the  whole  torsion  required  by  the  ykjr  ff^^^'  I^  represents 
therefore  the  ,0^0^  part  of  the  y^,  or  the  millionth  part  of  a  grain. 

Divide  a  grain  weight  into  a  million  parts,  place  one  of  them  on 
the  pan  of  the  balance,  and  the  beam  will  be  instantly  depressed. 

Weighed  in  this  balance  the  mechanical  force  of  a  candle  12 
inches  off  was  found  to  be  0*000444  grain ;  of  a  candle  6  inches  off, 
0*001772  grain.  At  half  the  distance  the  weight  of  radiation  should 
be  four  times,  or  0*001776  grain;  the  difference  between  theory  and 
experiment  being  only  four-mUlionths  of  a  grain  is  a  sufficient  proof 
that  the  indications  of  this  instrument,  like  those  of  the  apparatus 
previously  described,  follow  the  law  of  inverse  squares.  An  examina- 
tion of  the  differences  between  the  separate  observations  and  the  mean 
shows  that  my  estimate  of  the  sensitiveness  of  this  balance  is  not 
excessive,  and  that  in  practice  it  will  safely  indicate  the  millionth  of 
a  grain. 

I  have  only  had  one  opportunity  of  getting  an  observation  of  the 
weight  of  sunlight :  it  was  taken  on  December  18th,  but  the  sun  was 
■o  obscured  by  thin  douds  and  haze  that  it  was  only  equal  to  10*2 
candles  6  indies  off.  Calculating  from  this  datum,  it  is  seen  that  the 
pressure  of  sunshine  is  2*  8  tons  per  square  mile. 

But  however  fftir  an  equivalent  ten  candles  may  be  for  a  London 
sun  in  December,  a  midsummer  sun  in  a  cloudless  Aj  has  a  very  dif- 
ferent value.  Authorities  differ  as  to  its  exact  equivalent,  but  I  under^ 
estimate  it  at  1000  candles  12  inches  off. 

Let  us  see  what  pressure  this  will  give :— A  candle  12  inches  off, 
acting  on  2  square  inches  of  surface,  was  found  equal  to  0*000444 
grain ;  the  sun,  equalling  1000  candles,  therefore  gives  a  pressure  of 
0-444000  grain ;  that  is,  equal  to  about  82  grains  per  square  foot,  to 
2  cwt.  per  acre,  57  tons  per  square  mile,  or  nearly  three  thousand 
million  tons  on  the  exposed  sur&ce  of  the  globe — sufficient  to  knock 
the  earth  out  of  its  orbit  if  it  came  upon  it  suddenly. 

It  may  be  said  that  a  force  like  this  must  alter  our  ordinary  ideas 
of  gravitation ;  but  it  must  be  remembered  that  we  only  know  the 
force  of  gravity  as  between  bodies  such  as  they  actually  exist,  and  we 
do  not  know  what  this  force  would  be  if  the  temperatures  of  the 
gravitating  masses  were  to  undergo  a  change.  If  the  sun  is  gradually 
cooling,  possibly  its  attractive  force  is  increasing,  but  the  rate  will 
be  so  slow  that  it  will  probably  not  be  detected  by  our  present  means 
of  research. 

Whilst  showing  this  experiment  I  wish  to  have  it  distinctly  undeiv 
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stood  that  I  do  not  attach  the  least  importance  to  the  actual  numerical 
xesnlts.  I  simply  wish  to  show  you  the  marvellous  sensitiyenefis  of 
the  apparatus  with  which  I  am  accustomed  to  work.  I  may,  indeed, 
say  that  I  know  these  rough  estimates  to  be  incorrect.  It  must  be 
remembered  that  our  earth  is  not  a  lampblacked  body  enclosed  in  a 
glass  case,  nor  is  its  shape  such  as  to  give  the  maximum  of  surface 
with  the  minimum  of  weight.  The  solar  forces  which  perpetually 
pour  on  it  are  not  simply  absorbed  and  degraded  into  radiant  heat, 
but  are  transformed  into  tiie  various  forms  of  motion  we  see  around  us, 
and  into  the  countless  forms  of  vegetable,  animal,  and  human  activity. 
The  earth,  it  is  true,  is  poised  in  vacuous  space,  but  it  is  surrounded 
by  a  cushion  of  air ;  and,  knowing  how  strongly  a  little  air  stops  the 
movement  of  repulsion,  it  is  easy  to  conceive  that  the  sun's  radiation 
through  this  atmospheric  layer  may  not  produce  any  important  amount 
of  repulsion.  It  is  true  &e  upper  surface  of  our  atmosphere  must 
present  a  very  cold  front,  and  this  might  suffer  repulsion  by  the 
sun ;  but  I  have  said  enough  to  show  how  utterly  in  the  dark  we  are 
as  to  the  cosmical  bearings  of  this  action  of  radiation,  and  further 
speculation  would  be  but  waste  of  time. 

It  may  be  of  interest  to  compare  these  experimental  results  with  a 
calculation  made  in  1873,  before  any  knowledge  of  these  facts  had 
been  made  public. 

Professor  Clerk  Maxwell,  in  his  *  Electricity  and  Magnetism/ 
voL  ii.  p.  891,  writes  as  follows :  *^  The  mean  energy  in  one  cubic 
foot  of  sunlight  is  about  0  *  0000000882  of  a  foot-pound,  and  the  mean 
pressure  on  a  square  foot  is  0  *  0000000882  of  a  pound  weight.  A  flat 
body  exposed  to  sunlight  would  experience  this  pressure  on  its 
illuminated  side  only,  and  would  therefore  be  repelled  from  the  side 
on  which  the  light  falls." 

Calculated  out,  this  gives  the  pressure  of  sunlight  equal  to  about 
2^  lb.  per  square  mile.  Between  the  2^  lb.  deduced  from  calculation 
and  the  57  tons  obtained  from  experiment  tiie  difference  is  great ;  but 
not  greater  than  is  often  the  case  between  theory  and  experiment 

In  conclusion,  I  beg  to  call  especial  attention  to  one  not  unim- 
portant lesson  which  may  be  gathered  from  this  discovery.  It  will 
be  at  once  seen  that  the  whole  springs  from  the  investigation  of  an 
anomaly.  Such  a  result  is  by  no  means  singular.  Anomalies  may 
be  regarded  as  the  finger-posts  along  the  high  road  of  research,  point- 
ing to  the  bye-ways  which  lead  to  further  discoveries.  As  scientific 
men  are  well  aware,  our  way  of  accounting  for  any  given  phenomenon 
is  not  always  perfect.  Some  point  is  perhaps  taken  for  granted,  some 
peculiar  circumstance  is  overlooked.  Or  else  our  explanation  agrees 
with  the  facts  not  perfectly,  but  merely  in  an  approximate  manner, 
leaving  a  something  still  to  be  accounted  for.  Now  these  residual 
phenomena,  these  very  anomalies,  may  become  the  guides  to  new  and 
important  revelations. 

In  the  course  of  my  research  anomalies  have  sprung  up  in  every 
direction.    I  have  felt  like  a  traveller  navigating  some  mighty  river 
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in  an  unexplored  continent.  I  have  seen  to  the  right  and  the  left 
other  channelfl  opening  out,  all  claiming  inyestigation,  and  promising 
rich  rewards  of  discovery  for  the  explorer  who  shall  trace  them  to 
their  source.  Time  has  not  allowed  me  to  undertake  the  whole  of  a 
task  so  vast  and  so  manifold.  I  have  felt  compelled  to  follow  out,  as 
£ir  as  lay  in  my  power,  my  original  idea,  passing  over  reluctantly  the 
collateral  questions  springing  up  on  either  hand.  To  these  I  must 
now  invite  the  attention  of  my  fellow-workers  in  Science.  There  is 
ample  room  for  many  inquirers. 

Nor  must  we  forget  that  the  more  rigidly  we  scrutinize  our 
received  theories,  our  routine  explanations  and  interpretations  of 
nature,  and  the  more  frankly  we  admit  their  shortcomings,  the  greater 
will  be  our  ultimate  rewanL  In  the  practical  world,  fortunes  have 
been  realized  from  the  careful  examination  of  what  has  been  ignorantiy 
thrown  aside  as  refuse  ;  no  less,  in  the  sphere  of  Science,  are  repu- 
tatfons  to  be  made  by  the  patient  investigation  of  anomalies. 

[W.  C] 


Digitized  by  VjOOQIC 


68  Dr.  C.  William  Siemem  [Feb.  18, 


WEEKLY  EVENING  MEETING, 

Friday,  February  18, 1876. 

GsoBaE  Busk,  Esq.  F.B.S.  Treasurer  and  Vice-President, 
in  ihe  Chair. 

G.  William  Sibhbnb,  Esq.  D.CX.  F.B.S.  M.B.L 

The  Action  of  Light  on  Selenium, 

When,  npon  former  occasions,  I  baye  reninred  npon  tbis  arena,  it  has 
been  for  the  purpose  of  pLicing  before  you  the  results  of  inquiries  of 
my  own  into  special  subjects,  which  circumstance  gave  me  some  title 
to  your  indulgence. 

This  evening  I  cannot  claim  the  same  advantage,  because  the 
subject  matter  which  I  am  about  to  bring  before  you  is  almost  entirely 
the  result  of  the  investigations  of  others,  and  especially  of  my  brother, 
Dr.  Werner  Siemens,  who  has  not  the  opportunity  of  addressing  you 
himself. 

It  is,  however,  a  matter  of  undoubted  interest,  and  in  mention- 
ing some  time  ago  the  result  of  my  brother's  investigations  to  my 
friend  Dr.  Tyndall,  I  did  so  in  the  hope  that  he  might  feel  disposed 
to  deal  with  this  subject  in  his  own  masterly  fae^on,  and  that  I 
should  thus  procure  for  the  members  of  the  Boyal  Institution  an 
evening  both  pleasant  and  instructive.  I  did  not  succeed,  however,  in 
obtaining  for  them  such  a  treat,  and  it  has  become  my  duty  to  grapple 
personally  with*  this  subject,  for  which  I  possess  no  other  qualifica- 
tion than  a  somewhat  intimate  acquaintance  with  a  kindred  subject, 
that  of  the  influence  of  heat  upon  metallic  conductors,  on  which  I  had 
the  honour  of  addressing  you  a  few  years  ago. 

Amongst  the  powers  of  nature,  light  seems  to  be  the  one  which 
enters  least  into  the  composition  of  matter.  The  beam  of  light  £EJling 
upon  the  landscape,  or  upon  a  work  of  art,  reveals  instantly  its  form 
to  our  minds,  but  with  the  disappearance  of  the  light  its  effects  seem 
to  vamsh  entirely :  the  landscape  and  the  work  of  art  still  remain 
the  same,  and  may  be  brought  back  again  to  our  ocular  perception, 
accompanied  by  all  the  beautifying  <^ect8  of  light  and  shade  and 
colour,  and  yet  there  seems  to  be  no  permanent  effect  produced  in  the 
material  condition  of  the  objects  before  us.  Shall  we  wonder,  then, 
that  the  true  nature  of  light  has  remained  a  mystery  more  pro- 
found than  that  of  the  other  forces  in  nature,  and  that  Newton  himself 
exclaimed,  in  desponding  mood,  the  memorable  words,  ''Nil  luce 
obscuiius." 

How  well  does  this  modest  exclamation  sit  upon  the  brow  of 
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him  who  has  done  more  to  explain  the  mysteries  of  light  than  all 
other  philosopliers  both  before  and  after  his  time ;  and  how  strangely 
does  it  contrast  with  the  self-assnrance  of  his  antagonists  and  critics, 
amongst  whom  I  cannot  refrain  from  citing  Ooe^e,  who,  himself  a 
moral  philosopher,  poet,  and  reader  of  the  human  soul  of  prodigious 
power,  had  taken  up  a  branch  of  science  as  a  pastime,  and  was  eyi- 
dently  pronder  of  his  misconceptions  regarding  the  nature  of  light 
than  he  was  of  his  <  Fanst '  or  '  Wilhelm  Meister.'  In  his  '  Farben- 
lehre '  occurs  the  following  allusion  to  Newton's  ezchunation  before 
quoted: 

'*  Eb  spraoh  ein  fg^tower  Pbynona 

Mit  seinen  Schnlverwandten, 
'  Nil  luoe  obBoarioB  I ' 

Ja  wohl  fur  Obaouranten." 

While  Newton  laid  down  incontroTertible  principles  regarding 
the  nature  of  light,  it  Has  been  reserved  for  physicists  of  recent  times 
to  prove  the  effects  of  light  upon  solids.  One  of  the  most  beautiful 
illustrations  of  the  permanent  effects  of  light  upon  matter  is  furnished 
us  through  photography;  here  the  ray  of  light  causes  the  decom- 
position of  compounds  of  silver  in  a  degree  beautifully  varying  with 
its  intensity. 

Another  effect  of  light  upon  solids  is  rendered  visible  by  phos- 
phorescent salts,  which  when  acted  upon  by  light  continue  to  glow  in 
various  colours  for  a  length  of  time  when  taken  into  a  dark  room,  and 
I  am  enabled  by  the  kindness  of  Mr.  Warren  De  la  Bue  to  show  a 
beautiful  series  of  tubes  illustrating  this  effect. 

If  anyone  required  proof  that  light  was  a  moving  force,  I  would 
refer  him  to  the  discoxurse  delivered  in  this  very  place  a  week  ago, 
when  Mr.  Crookes  gave  motion  to  his  radiometer  by  means  of  rays  of 
light.  But  I  would  go  a  step  further,  and  say  that  light  is  perhaps 
the  most  potential  force  in  nature,  because  it  covers  the  earth  with 
trees  and  vegetation  of  all  kinds.  It  is  true  that  the  mushroom 
thrives  in  what  appears  to  us  utter  darkness ;  and  within  the  last  few 
days  Dr.  Higgs  has  called  my  attention  to  a  fungus  which  grows  in 
the  deep  recesses  of  the  Derbyshire  caves,  where  it  lives  without  the 
help  of  light;  but  an  analysis  of  this  fungus  shows  that  it  contains 
no  woody  fibre  or  solid  carbon,  and  so  helps  to  favour  the  hypo- 
thesis HuU  it  ie  not  heat  hut  the  ray  of  light  which  breaks  up  carbonic 
acid  in  the  leaves  of  plants  in  order  to  separate  the  carbon.  Carbonic 
acid  can  indeed  be  broken  up  by  heat;  but  it  has  been  shown  by 
Bunsen  and  De  Ville  that  a  temperature  of  2500^  0.  is  necessary  for 
its  accomplishment— a  degree  of  heat  which  would  at  once  destroy 
all  vegetable  organization. 

Different  from  these  effects  of  light  upon  solids  is  that  which 
forms  the  subject  matter  of  my  discourse,  viz.  the  effect  of  light  upon 
selenium. 

Selenium  is  an  elementary  body,  which  was  discovered  by  Berzelius 
in  1817  in  the  residues  resulting  from  the  distillation  of  iron  pyrites. 
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It  is  fusible,  oombnstible,  and  similar  in  many  other  respects  to 
snlpbur,  phosphoms,  and  tellorimn.  It  is  in  fact  one  of  those 
substances  which  are  placed  by  chemists  upon  the  border  between 
metals  and  metalloids,  and,  like  a  true  borderer,  selenium  refuses  to 
be  amenable  to  the  laws  goreming  either  of  these  natural  groups. 
If  melted  (at  217°)  and  cooled  rapidly,  it  presents  a  brown  amorphous 
mass  of  conohoidal  fracture,  which  Hke  sulphur  and  phosphoms  is 
a  non-conductor  of  electricity.  But  if  a  stick  of  this  amorphous 
selenium  is  exposed  for  some  time  to  the  heat  of  boiling  water,  a 
structural  change  becomes  observable :  it  assumes  a  crystidline  frac- 
ture, and  when  again  inserted  in  the  galvanic  circuit  it  is  found  to  be 
a  conductor  of  electricity.  Professor  Adams  has  shown  recently  that 
its  conductivity  is  different  when  the  current  passes  through  in  one 
direction  or  the  other,  and  it  may  here  also  be  observed  that  its 
conductivity  in  this  form  is  still  very  slight,  so  that  a  powerful 
battery  and  a  delicate  galvanometer  are  necessary  to  show  the  effect. 
The  same  observer  has  also  found,  that,  contrary  to  what  takes  place 
in  metallic  conductors,  the  conductivity  of  this  substance  increases 
with  the  power  of  the  battery  employed,  a  circumstance  which  makes 
it  inapplicable  as  a  substitute  for  resistance  coils  in  the  Wheatstone 
bridge  arrangement. 

On  the  12th  February,  1878,  the  Society  of  Telegraph  Engineers 
received  a  communication  from  one  of  its  members  ^Bffr.  Willoughby 
Smith  *)  to  the  effect  that  a  stick  of  crystalline  selenium,  such  as  had 
been  used  for  some  time  in  telegraphy  where  high  electrical  resist- 
ances were  required,  offered  considerably  less  resistance  to  a  battery 
current  when  exposed  to  light  than  when  kept  in  the  dark.  The 
statement  of  this  observation,  which  had  first  been  made  by  Mr.  May, 
Mr.  Willoughby  Smith's  assistant,  stationed  at  Valentia,  was  receiveid 
naturally  with  some  incredulity.  Gould  it  be  possible  that  the  mere 
superficial  action  of  light  upon  a  solid  substance  could  so  change 
instantaneously  its  internal  condition  as  to  open  among  its  particles 
flood-gates  for  the  passage  of  the  electric  current,  to  close  again  upon 
the  removal  of  the  light  ?  Yet  the  fact  announced  by  Mr.  Willoughby 
Smith  was  soon  corroborated,  first,  by  the  Earl  of  Bosse,  who  proved 
clearly  that  the  action  was  due  solely  to  light,  and  afterwards  by 
Lieut.  Sale,  B.N.,  whose  further  researches  on  this  subject  are  described 
in  the  *  Proceedings  of  the  Boyal  Society,'  vol;  xxi.  p.  288,  and  in 
Poggendorff's  '  Annalen,'  bd.  160,  s.  888. 

Here  the  matter  rested,  when  within  the  last  twelve  months,  it 
was  taken  up  by  two  independent  inquirers ;  one  in  this  country  and 
the  other  in  Germany ;  the  one  being  my  friend  Professor  Adams,  of 
King's  College,  who  has  recently  communicated  the  result  of  his 
researches  to  the  Boyal  Society,  and  the  other  my  brother  Dr.  Werner 
Siemens,  who  has  made  communications  of  his  results  to  the  Academy 
of  Sciences  of  Berlin.    It  is  interesting  to  observe  the  difference  of 

*  '  Journal  of  Society  of  Telegraph  Engineers,'  vol.  ii.  p.  81. 
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methods  by  wMch  each  of  these  two  inquirers  arrived  at  results 
agreeing  on  many  points  of  fact,  while  they  differ  in  the  deductions 
drawn  from  them,  and  in  their  application  upon  other  branches  of 
inquiry.  I  may  here  mention  that  when  1  expressed  my  willingness 
to  bring  this  subject  before  the  Boyal  Institution,  I  was  not  aware 
that  Professor  Adams  was  engaged  upon  it,  and  under  these  circum- 
stances I  may  be  excused  if  I  dwell  principally  upon  my  brother's 
experimental  researches,  with  which  I  am  best  acquainted,  and  re- 
garding which  he  desires  me  to  acknowledge  the  valuable  assistance 
rendered  him  by  Dr.  Obach. 

One  of  my  brother's  achievements  in  his  recent  researches  con- 
sisted in  giving  to  the  selenium  under  observation  such  a  form  that 
the  surface  action  produced  by  the  light  attains  its  maximnm  effect, 
and  that  instead  of  large  galvanic  batteries  and  delicate  galvanometers 
being  required  to  obtain  indications,  one  single  Daniell  cell  and  a 
galvanometer  of  ordinary  construction  suffice  to  produce  decided 
results.  His  sensitive  element  is  composed  in  the  following  manner : 
Two  spirals  of  thin  iron  or  platinum  wire  are  laid  upon  a  small  plate 
of  mica  in  such  a  manner  that  the  two  wires  run  parallel  without 
touching  each  other.  While  in  this  position  a  drop  of  fluid  selenium 
is  made  to  Ml  upon  the  plate,  filling  the  interstices  between  the 
wires,  and  before  the  selenium  has  had  time  to  harden,  another  thin 
plate  of  mica  is  pressed  down  upon  it  so  as  to  give  firmness  to  the 
whole.  Instead  of  spirals  of  wire,  a  double  grating  of  wire  so 
arranged  that  the  zigzags  of  the  one  wire  do  not  touch  the  interlacing 
zigzags  of  the  other  is  sometimes  used,  and  it  will  be  observed  that 
the  size  of  the  whole  spirals  or  gratings  hardly  exceeds  the  size  of 
a  threepenny  piece.    These  are  shown  in  Diagram  No.  1. 

Pio.  1. 


\.  ] 


The  two  protarudiug  ends  of  the  two  spirals  or  gratings  serve  to 
insert  this  selenium  element  in  a  galvanic  circuit.  I  here  hold  an 
element  so  prepared  of  amor]^hous  selenium,  which  I  place  in  a  dark 
hoi^  and  insert  in  a  galvanic  circuit  comprising  a  Darnell's  ceU  and 
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a  delicate  galvanometer,  the  face  of  which  will  be  thrown  upon  the 
screen  through  a  mirror  by  means  of  the  electric  lamp.  In  closing 
the  circuit  it  will  be  seen  that  no  deflection  of  the  needle  ensues. 
We  will  now  admit  light  upon  the  selenium  disc,  and  dose  the  cir- 
cuit, when  again  no  deflection  -will  be  observed,  showing  that  the 
selenium  in  its  present  condition  is  a  non-conductor  both  in  the  dark 
and  under  the  influence  of  light.  I  will  now  submit  a  similar  disc 
of  selenium,  which  has  been  kept  in  boiling  water  for  an  hour  and 
graduallj  cooled,  to  the  same  tests  as  before.  In  closing  the  circuit 
while  the  plate  is  in  the  dark,  a  certain  deflection  of  tiie  galvano- 
meter will  be  discernible,  but  I  will  now  open  the  lid  of  the  box  so 
as  to  admit  light  upon  the  disc,  when  on  again  closing  the  circuit  a 
slight  deflection  of  the  galvanometer  needle  will  be  observed.  In 
closing  the  box  against  the  light,  this  deflection  will  subside,  but 
will  again  be  visible  the  moment  the  light  is  readmitted  to  the  box. 
Here  we  have  then  the  extraordinary  effect  of  light  upon  selenium 
clearly  illustrated. 

I  will  now  insert  into  the  same  circuit  another  selenium  plate 
which  has  been  heated  up  to  210^  C,  and  after  having  been  kept  at 
that  temperature  for  several  hours  has  been  gradually  cooled ;  it  will  be 
observed  that  this  plate  is  affected  to  a  greater  extent  than  ike  former 
by  the  action  of  Hgbt,  and  other  conditions  to  which  I  shall  presently 
allude  prove  the  selenium  heated  to  a  higher  temperature  to  be  in 
other  respects  diBsimilar  to  the  other  two  modifications  of  the  same. 


Fio.  2. 


«oo  MPS 
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These  differences  will  be  best  revealed  in  describing  my  brother's 
experiment.  He  placed  one  of  his  amorphous  preparations  of  selenium 
in  an  air  bath  heated  above  the  melting  point  of  selenium  (to  260*^  0.), 
while  the  connecting  wires  were  inserted  in  a  galvanic  circuit  con* 
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Bifltiiig  of  only  one  Daniell's  element  and  a  delicate  reflecting  galyano- 
meter,  and  eyerj  fire  minutes  the  temperatnre  and  conductivity  of  the 
selenium  were  noted.  The  results  obtained  are  shown  on  the  Diagram 
No.  2,  in  which  the  abecissffi  represent  temperatures,  and  the  ordinates 
the  conductivity  of  the  selenium  while  in  the  dark.  It  will  be  observed 
that  up  to  the  temperature  of  80°  0.  no  current  passed,  that  from  this 
point  onward  the  conductivity  of  the  material  rapidly  increased  until 
it  attained  its  maximum  at  tihe  temperature  of  210°  C,  being  nearly 
its  melting  point,  after  which  an  equally  rapid  diminution  of  con- 
ductivity commenced,  reaching  a  minimum  at  the  temperature  of  about 
240^  C,  when  the  conductivity  was  only  such  as  could  be  detected 
by  a  most  delicate  galvanometer.  In  continuing  to  increase  the  tem- 
perature of  the  fluid  selenium  very  gradually  but  steadily,  its  conduc- 
tivity increased  again.  The  dotted  line  shows  the  conductivity  on 
cooling. 

Fio.  3. 


The  curves  on  Diagram  No.  8  give  a  comparison  between 
the  effeciB  which  actually  take  place  in  heating  the  selenium,  and 
what  would  take  place  if  the  selenium  did  not  melt  nor  undergo 
chemical  change  during  heating.    In  this  case  the  absciss®  represent 
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periods  in  minntes  from  the  commencement  of  the  plunging  of  the 
selenium  into  the  hot  bath,  while  the  ordinates  represent  oondnctiYity 
and  temperature  respectively,  on  the  curves,  as  marked.  Up  to  the 
temperature  of  88^  C,  the  actual  and  theoretical  curve  accord  exactly, 
but  from  this  point  onward  the  temperature  of  the  selenium  took  the 
lead  of  that  shown  on  the  theoretical  curve,  firstly  proving  a  sponta- 
neous liberation  of  heat  within, the  mass,  and  secondly  an  absorption 
of  heat  during  melting,  as  indicated  by  the  relative  positions  of  the 
curves  at  the  melting  point  217^  C.  The  beginning  and  end  of  the 
two  curves  correspond  exactly.      The  theoretical  curve  is  marked 

The  interpretation  of  these  experiments,  which  are  of  too  delicate 
and  elaborate  a  nature  to  be  repeated  here,  is  as  follows :  Amorphous 
selenium  retains  a  very  large  amount  of  specific  heat,  which  renders  it 
a  non-conductor  of  electricity :  when  heated  to  80°,  this  amorphous 
solid  mass  begins  to  change  its  amorphous  condition  for  the  crystalline 
form,  in  which  form  it  possesses  a  greatly  reduced  amount  of  specific 
heat,  giving  rise  to  the  increase  of  temperature  beyond  that  of  sur- 
rounding objects  when  the  change  of  condition  has  once  set  in.  If 
care  is  taken  to  limit  the  rise  of  temperature  of  the  selenium  to 
100°  C,  and  if  it  is  very  gradually  cooled  after  having  been  maintained 
for  an  hour  or  two  at  that  temperature,  a  mass  is  obtained  which 
conducts  electricity  to  some  extent,  and  which  shows  increased  con- 
ductivity under  tihe  influence  of  light.  But  in  examining  the 
conductivity  of  selenium  so  prepared  at  various  temperatures  below 
80°,  and  without  accession  of  light,  it  was  found  that  its  conductivity 
increases  with  rise  of  temperature^  in  which  respect  it  resembles 
carbon,  sulphide  of  metals,  and  generally  the  electrolytes.  This 
my  brother  terms  his  first  modification  of  selenium.  But  in  extend- 
ing the  heating  influence  up  to  210°,  and  in  maintaining  that  tempe- 
rature by  means  of  a  bath  of  paraf^  for  some  hours  before  gradually 
reducing  the  same,  he  obtained  a  second  modification  of  selenium  in 
which  its  conductivity  increases  with  fall  of  temperature,  and  in  which 
modification  it  is  therefore  analogous  to  the  metals.  This  second 
modification  of  selenium  is  a  better  conductor  of  electricity  than  the 
first,  and  its  sensitiveness  to  light  is  so  great  that  its  conductivity  in 
simlight  is  fifteen  times  greater  than  it  is  in  the  dark,  as  will  be  seen 
from  the  following  table,  and  in  Diagram  No.  4,  in  which  is  given  the 
effects  of  different  intensities  of  light  on  selenium  (Modification  XL) 
obtained  at  Woolwich  on  the  11th  February,  1876  : 


Selenlnm  in 

RelaUv«  Oondnctlvitles. 

Besiatanoe  in  Ohms. 

Deflections. 

Ratio. 

1.  Dark      

2.  Diffuaed daylight..      .. 

8.  Lamplight     

4.  Simlight        

82 

110 
180 
470 

1- 

8-4 

5-6 

147 

10,070.000 

2.930,000 

1,790,000 

680.000 
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nnfortanatelj,  however,  this  second  modification  is  not  so  stable  as 
the  first ;  when  lowered  in  temperature  parts  of  it  change  back  into 
the  first  or  metalloid  modification  by  tiding  np  specific  heat,  and  in 
watching  this  effect  a  point  is  discoTcred  at  which  ratio  of  increase 
of  condnctiyitj  with  fidl  of  temperature  changes  sign,  or  where  the 
electrolyte  substance  begins  to  predominate  over  the  metallic  seleniom. 
If  cooled  down  to  —  15°  0.,  tiie  whole  of  the  metallic  seleninm  is 
gradnally  being  converted  back  into  the  first  variety. 

Pig.  4. 


The  physical  conclnsions  here  arrived  at  may  be  said  to  be  an 
extension  of  Helmholz's  theory  that  the  conductivity  of  metals  varies 
inversely  as  the  total  heat  contained  in  them.  Helmholz  had  only 
the  sensible  heat  or  temperature  (counting  from  the  absolute  zero 
point)  in  view,  but  it  has  already  been  shown  by  Hittorff  and  Werner 
Siemens  that  it  applies  in  the  case  of  tin  and  some  other  metals  also  to 
specific  heat  and  to  the  latent  heat  of  fusion.  In  selenium  the  specific 
heat  is  an  extremely  variable  quantity,  changing  in  the  solid  mass  at 
certain  temperatures,  and,  as  is  contended,  under  the  influence  of  light. 
Aided  by  these  experimental  researches,  my  brother  arrives  at 
the  conclusion  that  the  influence  of  light  upon  selenium  may  be  ex- 
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plained  by  a  change  of  its  molecular  condition  near  the  surface  from  the 
first  or  eUctrclyte  into  the  second  or  metallic  modification,  or  in  other 
words  by  a  liberation  of  specific  hecU  upon  the  iUuminated  surface  of 
crystalline  selenium,  which  liberated  heat  is  reabsorbed  when  the 
liberating  cause  has  ceased  to  act. 

Althoagh  further  proofs  will  be  required  before  these  views  can 
be  accepted  as  being  more  than  a  working  hypothesis,  yet  it  seems  to 
be  favoured  by  seyeral  collateral  circumstances. 

Foremost  among  these  is  the  time  necessary  for  the  complete  dis- 
persion of  the  effects  of  light,  as  will  be  observed  by  the  very  gradual 
return  of  the  needle  to  its  zero  position ;  and  .another  is  found  in  the 
circumstance  that  the  effect  of  light  is  greatly  diminished  by  long 
exposure  to  light,  causing  a  readjustment  of  specific  heat  throughout 
the  mass,  notwithstanding  a  continuance  of  the  disturbing  cause. 
The  fatigue  of  the  sensitive  plate  will  also  be  observed  by  the  gradual 
return  of  the  galvanometer  needle  toward  its  zero  position  when  the 
influence  of  light  is  allowed  to  continue. 

This  fSeitigue  wears  off  if  the  sensitive  plate  is  allowed  to  rest  in 
darkness  for  several  hours,  but  even  days  of  such  rest  is  necessary  to 
restore  its  full  previous  degree  of  sensibility. 

These  conclusions  differ,  however,  from  those  given  by  Professor 
Adams,  and  which  are  as  follows : 

1.  That  the  light  falling  on  the  selenium  causes  an  electromotive 
force  in  it,  in  the  same  direction  as  the  battery  current  passing 
through  it,  the  effect  being  similar  to  the  effect  due  to  polarization  in 
an  electrolyte,  but  in  the  opposite  direction. 

2.  That  the  light  fcdling  on  the  selenium  causes  a  change  on  its 
surface  akin  to  tiie  change  which  it  produces  on  the  surface  of  a 
phosphorescent  body,  and  that  in  consequence  of  this  change  the 
electric  current  is  enabled  to  pass  more  readily  over  the  snr&ce  of 
the  selenium. 

Time  alone  can  tell  which  of  these  conclusions  comes  nearest  to  an 
absolute  theory. 

To  these  general  results  have  to  be  added  those  regarding  the 
relative  influence  upon  sensitive  selenium  of  different  parts  of  the 
spectrum,  and  the  experiment  which  I  am  about  to  make  will  show, 
if  successful,  that  the  actinic  ray  exercises  no  sensible  effect,  that  the 
effdct  increases  as  we  gradually  approach  the  dark  red,  and  that 
beyond  that  point  the  effect  again  decreases,  reaching  almost  the  zero 
in  the  heat  rays. 

The  following  table  shows  the  influence  of  the  different  coloured 
rays  of  the  spectrum  of  a  para£&n  lamp  produced  on  selenium  of  the 
second  modification  by  a  prism  of  bisulphuret  of  carbon.  The  fol- 
lowing are  the  different  deflections  of  the  galvanometer  (conduc- 
tivities) : 

Dark.  Ultra-violet.  Violet  Blue. 

139  139  148  158 

Yellow.  Red.  Ultn-red. 

178  188  180 
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In  approaching  the  senaitiye  selenium  plate  with  a  dark  hot 
poker,  no  sensible  effect  is  prodaoed,  whereas  the  same  hot  poker 
when  bronght  -near  a  Grookes'  radiometer  causes  it  to  revolve  with 
groat  energy,  showing  that  latter  instrument  is  much  more  dependent 
upon  heat  rajs  than  seleniom. 

Whenever  a  new  discovery  in  science  has  been  made,  men,  who 
delight  in  calling  themselves  practical,  ask  immediately,  "  and  what 
will  be  the  nse  of  it?"  They  seem  to  be  insensible  to  the  fact  that 
all  increase  of  onr  stock  of  knowledge  is  of  the  greatest  practical  use, 
and  that  usefdl  application  will  follow  as  a  matter  of  course.  The 
first  application  of  the  discovery  under  consideration  which  readily 
suggests  itself  to  every  mind  is  that  of  constructing  a  selenium 
photometer. 

If  the  sensitive  selenium  was  constant  in  its  action  under  the 
effisct  of  light,  and  if  temperature  did  not  exercise  its  influence  upon 
it,  the  construction  of  a  selenium  photometer  would  present  little 
difficulty.  Two  equal  pieces  of  sensitive  selenium  would  only  have 
to  be  exposed,  the  one  to  a  noimal  candle  and  the  other  to  the  source 
of  light  to  be  measured,  and  the  distance  of  the  one  light  or  the  other 
be  so  regulated  that  the  two  electrical  resistances  balanced  each  other 
in  a  Wheaistone  bridge  arrangement,  when  the  relative  distance  of 
the  two  lights  would  signify  their  relative  light  intensity. 

All  observers  agree  that  the  effect  of  light  upon  the  conductivity 
of  selenium  varies  with  the  square  root  of  tiie  light  intensity.  Since 
light  itself  diminishes  in  the  ratio  of  the  square  of  the  distance,  it 
follows  that  the  square  of  the  respective  distances  determines  (effects 
being  equal)  the  relative  intensity  of  the  two  lights. 

My  brother  has  constructed  a  selenium  photometer  which  is  not 
affscted  by  the  changes  to  which  that  substance  is  liable,  and  which 
consists  of  a  single  sensitive  plate  mounted  upon  a  vertical  axis,  upon 
which  it  can  be  turned  rapidly  through  a  certain  angular  distance, 
limited  by  stops.  When  touching  the  one  stop  the  selenium  stands 
opposite  ihe  normal  candle,  and  when  touching  the  other  opposite  the 
light  to  be  measured,  the  distance  of  the  former  being  changed  upon 
a  scale  until  no  effect  upon  the  needle  of  a  galvanometer  is  produced 
in  taming  the  sensitive  plate  in  rapid  succession  from  the  one  stop  to 
the  other. 

The  result  of  this  method  is  absolute  for  white  light,  but  for 
coloured  lights  some  allowance  must  be  made  for  the  &ct  that  the 
dark-red  rays  exercise  relatively  a  more  powerful  influence  upon 
selenium  than  upon  our  retina ;  but  the  difference  is  not  great,  and 
might  be  compensated  by  the  introduction  of  a  transparent  screen 
abmrbing  a  portion  of  the  red  rays  (a  sheet  of  glass  with  a  green 
tinge). 

Before  concluding,  I  wish  to  introduce  to  your  notice  a  little 
apparatus  which  I  have  prepared  to  illustrate  the  extraordinary  sensi- 
tiveness of  my  brother's  selenium  preparations,  and  an  analogy  be- 
tween its  action  and  that  of  the  retina  of  our  eye.    It  consists  of  a 
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hollow  ball  with  two  openings  opposite  to  each  other,  the  one  opening 
being  famished  with  a  lens  of  l|  inch  diameter,  and  the  other  with  an 
adjustable  stopper  carrying  a  sensitive  selenimn  plate,  which  is  con- 
nected by  wires  to  a  galyanometer  and  one  Daniell  cell.  The  lens 
is  covered  by  two  slides  representing  eyelids,  the  ball  itself  being 
the  body  of  Uie  eye,  and  the  sensitive  plate  occupying  the  place  of  the 
retina,  which  it  resembles  also  in  size  (see  Fig.  5).  I  will  now  put  a 
white  screen  in  front  of  the  artificial  eye,  and  throw  electric  light  upon 

Fig.  5. 


it  by  means  of  a  reflector.  On  opening  the  eyelids,  a  strong  deflection 
of  the  galvanometer  will  be  observed.  I  will  now  replace  the  white 
screen  by  black,  when  on  opening  the  lids  again  hardly  any  movement 
of  tte  seJvanometer  needle  will  be  observed.  A  blue  screen  will  cause 
some  deflection,  a  yellow  screen  a  greater  one,  whereas  the  greatest 
deflection,  short  of  that  produced  by  the  white  screen,  will  be  effected 
by  the  red. 

Here  we  have  then  an  artificial  eye  which  is  sensible  to  light  and  to 
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differences  of  colour,  which  shows  the  phenomenon  of  &tigae  if  intense 
light  is  allowed  to  act  for  a  length  of  time,  and  from  which  it  recovers 
again  by  repose  in  keeping  the  eyelids  closed.  It  would  not  be  diffi- 
cult to  arrange  a  contact  and  electromagnet  in  connection  with  the 
galyanometer  in  snch  a  manner  that  a  powerful  action  of  light  would 
cause  the  automatic  closing  of  the  eyelids,  and  thus  imitate  l£e  sponta- 
neous brain  action  of  blinking  the  eyelids  in  consequence  of  a  flash  of 
light.  To  physiologists  this  analogy  may  be  suggestive  regarding  the 
important  natural  functions  of  the  human  frame. 

[0.  W.  8.] 
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in  the  Ohair. 

The  Bsv.  Stbphih  Josbph  Pxbbt,  F.RS. 

The  Transit  of  Venus. 

Tex  history  of  the  transit  of  Venus  leads  us  back  only  a  few  centuries. 
Whilst  engaged  in  the  study  of  planetary  laws,  Eepler  discovered 
that  both  Mercury  and  Venus  might  be  seen  as  black  spots  on  the 
bright  background  of  the  sun  in  the  year  1631,  the  former  in  Novem-  . 
her,  and  the  latter  in  December.  Gassendi  witnessed  this  transit  of 
Mercury,  but  that  of  Venus  was  not  seen,  as  the  sun  rose  in  tiie  west 
of  Bnrope  just  after  the  egress  of  the  planet. 

For  the  transit  of  a  planet  it  is  only  necessary  that  its  latitude 
should  be  less  than  the  sun's  semidiameter  when  the  planet  is  in 
inferior  conjunction,  or  that  the  earth  and  planet  should  have  the 
feame  longitude  near  a  node  of  the  planet's  orbit.  Now  Venus  and 
the  earth  perform  their  sidereal  revolution  in  224*701  and  865*256 
days  respectively ;  hence  in  243  years  Venus  would  go  round  the  sun 
almost  exactly  895  times,  the  two  bodies  returning  to  the  same 
relative  positions.  A  transit  in  1631  must  therefore  be  followed  by 
another  in  1631  -f  243  =  1874,  &c.  But  the  time  of  thirteen  revolu- 
tions of  Venus  amounts  very  nearly  to  eight  years,  and  Jeremiah 
Horrocks  found  that  Venus  would  only  change  her  latitude  by  22' 
between  the  conjunctions  eight  years  apart,  and  that,  as  the  sun's 
diameter  is  more  than  30',  Venus  might  be  visible  eight  years  after 
1631.  Horrocks  and  Crabtree  were  the  only  observers  of  this  transit 
of  1639. 
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Both  the  aboTe  transiiB  occurred  near  the  ascending  node,  and 
243  years  later  a  simihtr  pair  must  follow  at  the  same  node ;  but  the 
orbits  of  the  larger  planets  being  almost  circular,  half  that  period 
should  bring  Venus  and  the  earth  into  similar  relative  positions  at 
the  opposite,  or  descending  node,  and  therefore  121^  years  after 
December,  1639,  viz.  in  June,  1761,  another  transit  might  be  expected. 

In  1677  Halley  observed  a  transit  of  Mercury  at  St.  Helena,  and 
this  observation  suggested  to  his  mind  the  possibility  of  employing 
the  transit  of  Venus  as  a  most  accurate  means  for  determining  the 
exact  distance  of  the  sun.  A  few  years  later,  in  a  paper  read  before 
the  Boyal  Society,  he  proposed  a  method  of  observation,  which  still 
bears  his  name.  This  consists  in  recording  the  exact  local  time  of 
the  ingress  and  the  egress  of  the  planet  at  two  stations,  whose  differ- 
ence of  latitude,  and  position  with  regard  to  the  earth's  axis  of 
rotation,  render  the  total  durations  of  the  transit  as  unequal  as 
possible. 

The  inapplicability  of  Halley's  method  to  transits  that  are  too 
centrical,  caused  Delisle  to  propose  another  method,  which  is  equally 
suited  to  all  transits.  His  two  observers  are  placed  rather  east  and 
west,  than  north  and  south,  and,. as  &r  as  rotation  and  obliquity  of 
orbit  will  permit,  almost  opposite  the  extremities  of  that  solar 
diameter,  which  passes  through  the  point  of  contact  either  at  ingress 
or  egress.  The  observations  required  at  each  station  are  a  single 
contact,  and  a  very  accurate  longitude  determination,  so  as  to  obtain 
the  absolute  difference  of  time  of  contact  at  the  two  stations.  This 
difference  should  of  course  be  made  as  great  as  possible,  so  that  any 
small  error  in  observed  time  of  contact,  or  in  longitude,  may  bear  the 
smallest  possible  proportion  to  the  whole. 

In  June,  1761,  the  conditions  were  not  favourable  for  Halley's 
method,  and  Delisle's  failed  from  want  of  accurate  longitudes. 

The  transit  which  followed  eight  years  later  was  well  observed, 
and  the  solar  parallax  and  distance  deduced.  The  observers  were 
numerous,  and  the  computed  values  differed  considerably.  Encke,  in 
1837,  combined  the  results  of  various  nations,  and  obtained  8"*  56 
as  the  solar  parallax,  which  makes  the  sun's  distance  more  than 
95,000,000  miles. 

This  value  was  accepted  universally  as  a  fair  approximation,  until 
other  methods  of  determining  the  solar  parallax  raised  a  most  serious 
doubt  as  to  the  accuracy  of  Encke's  result.  Foucault's  determination 
of  the  velocity  of  light  by  a  revolving  mirror,  and  that  of  Fizeau  by 
a  rotating  wheel,  combined  with  the  observed  difference  in  time  of 
the  phenomena  of  Jupiter's  satellites,  or  with  Bradley's  constant  of 
aberration,  gave  severally  8''*  86  and  8''*  88  as  the  solar  parallax. 
Hansen,  from  the  lunar  inequalities  found  8"  *  92,  and  Stone  8"  *  85. 
Le  Verrier,  from  106  years  of  meridional  transits  of  Venus,  from  her 
observed  latitude  in  1761  and  1769,  and  from  an  occultation  of  a  star 
by  Mars,  deduced  respectively  8"  •  86,  8"  •  85,  and  8"  •  87.  And  finally, 
the  discussion  of  the  parallactic   displacements  of  Mars  led  Sir 
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Thomas  Madear,  Mr.  Stone,  and  Dr.  Winnecke  to  the  Talnes  8'' -90, 
8" '94,  and  8" -96.  The  close  agreement  of  these  nmnbers  induced 
Mr.  Stone  to  undertake  the  la^rions  task  of  a  re-examination  of 
Encke's  yalne.  The  result  of  his  labours,  in  which  great  attention 
was  paid  to  the  description  giyen  by  each  astronomer  of  what  he 
observed  as  true  contact,  changed  the  sohir  paraUax  given  by  the 
transit  of  1769  firom  8" -55  to  8" -91,  which  is  nearly  the  mean  of 
the  values  found  previously  by  methods  differing  so  completely  in 
their  nature. 

The  sun's  distance  enters  into  the  computation  of  the  lunar  tables, 
and  this  fieu^  alone  makes  it  a  matter  of  the  highest  moment  for  a 
great  naval  power  and  a  commercial  people.  Hence  early  attention 
was  dravm  to  the  preparations  necessary  for  the  accurate  observation 
of  the  transit  of  1874  by  the  astronomical  representative  of  the 
Admiralty.  There  were  two  principal  reasons  that  made  it  advisable 
to  secure  stations  well  suited  for  Delisle's  method.  1.  Only  two 
observations  of  contact  are  required,  and  therefore,  supposing  the 
chances  of  good  and  of  bad  wea&er  to  be  equal,  the  odds  in  favour  of 
a  complete  Delislean  observation  would  be  as  four  to  one,  compared 
with  Halle/s  method.  2.  Our  transit  instruments  and  altazimuths 
are  now  so  perfectly  made  that  much  greater  reliance  can  be  placed 
on  the  accuracy  of  our  longitudes,  even  where  the  telegraph  is 
wanting,  than  on  our  contact  observations. 

For  ingress  the  British  stations  were  the  Sandwich  Islands  and 
Kerguelen,  strengthened  by  Bodriguez ;  and  for  egress,  New  Zealand 
and  Egypt  For  HaUe/s  method,  Professor  Struve  combined  with 
Sir  O.  Auy ;  the  Bussians  occupying  the  north,  and  the  British  the 
south  at  the  three  Halleyan  stations  of  Eerguelen,  New  Zealand,  and 
Bodriguez. 

Besides  the  indirect  methods  of  observed  contacts  used  in  former 
transits,  tiie  solar  parallax  can  now  be  found  more  directly  by  actual 
measures  whilst  Venus  is  on  the  sun,  or  photographs  can  be  taken 
during  the  transit  and  measured  afterwards.  The  heliometer,  for 
actual  measurement  of  greatest  and  least  distance  of  limbs,  seems  to 
have  been  used  only  by  the  Oermans  and  Bussians,  and  by  Lord 
Lindsay.  The  British  expeditions  were  provided  with  double-image 
micrometers  for  measuring  cusps,  and  diameters,  and  least  distance  of 
limbs  near  contact 

Our  photographic  preparations  owe  much  to  Dr.  D^  la  Bue  and 
to  Captain  Abney.  We  adopted  the  equatorial  mounting,  with  an 
image  enlarged  to  four  inches,  and  dry-plate  photography,  whilst  the 
Americans  preferred  a  fixed  telescope  and  hdiostat,  without  enlarge- 
ment by  eye-piece ;  and  the  French  chose  daguerreotype  in  preference 
to  photography.  An  excellent  arrangement  was  devised  by  Mr. 
Chnstie,  for  carrying  out  the  idea  of  Dr.  Janssen,  of  taking  on  the 
same  sensitized  plate  a  succession  of  photographs,  with  only  second 
intervals,  of  the  position  of  Venus  near  contact. 

The  only  spectroscopes  taken  out  for  the  observation  of  external 
Vol.  Vni.    (No.  64.)  o 
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contact  at  ingreBs  were,  as  fiiur  as  is  known  at  present,  those  of  Dr. 
Janssen,  Taochini,  Lord  Lindsay,  and  Captain  Tnpman,  and  an 
instrnment  constructed  specially  for  onr  Eergaelen  station  by  Mr. 
Browning. 

The  most  advantageous  moment  for  taking  direct  measnres  with 
the  heliometer,  or  for  obtaining  photographs  of  Venus  on  the  snn,  is 
when  the  two  stations  to  be  compared  together  are  situated  on  the 
same  radius  of  the  circular  section,  at  the  earth's  distance,  of  the 
right  cone  enveloping  the  sun  and  Venus.  Mr.  Proctor  has  clearly 
pointed  out  the  advantages  of  this  in  multiplying  the  good  stations  of 
observation,  though  many  of  the  best  mid-transit  stations  are  equally 
good  for  Halley's  method. 

The  active  preparations  for  the  transit  of  1874  occupied  several 
years.  Large  telescopes  had  to  be  collected,  and  new  instruments 
devised,  before  the  observatories  were  constructed,  and  the  observers 
trained ;  but  thanks  to  the  untiring  zeal  and  energy  of  Sir  G.  Airy, 
Captain  Tupman,  and  the  whole  Greenwich  sta£^  all  was  in  readiness 
by  the  time  appointed  for  departure.  The  observers  for  distant 
stations  left  England  in  the  May  and  June  that  preceded  the  transit. 

The  Eerguelen  expedition,  to  which  I  will  now  direct  special 
attention  for  a  short  time,  left  in  two  detachments,  which  met  at  the 
Cape,  where  Commodore  Hewett,  V.C,  and  the  Admiralty  astronomer, 
Mr.  Stone,  did  all  in  their  power  to  assist  us.  H.M.S.  '  Encounter' 
and  'Supply'  had  been  appointed  by  the  Admiralty  to  take  the 
astronomers  firom  the  Cape  to  Eerguelen,  but  an  accident  had  hap- 
pened to  the  lifting  piece  of  the  screw  of  the  '  Encounter '  during 
the  Ashantee  war,  and  when  this  was  known  in  England,  H.M.S. 
*  Volage '  was  at  once  put  into  commission  to  replace  the  *  Encounter.' 
We  left  the  Cape  of  Good  Hope  in  the  'Volage'  and  'Supply'  on 
September  18th,  passed  the  Crozets  on  October  2nd,  and  came  almost 
within  sight  of  Eerguelen  on  the  6th,  when  a  fearful  storm,  that 
carried  away  a  cutter,  and  drowned  many  of  our  live  stock,  made  it 
impossible  to  advance  for  nine-and*forty  hours.  When  the  wind 
abated  and  the  sky  cleared,  the  maps  of  H.M.S. '  Challenger '  enabled 
us  to  steer  straight  into  Boyal  Sound  without  any  difficulty.  It  was 
the  end  of  spring,  and  yet  the  country  was  completely  covered  with 
snow.  We  found  two  sailing  schooners  in  Boyal  Sound,  waiting  for 
a  &vourable  wind  to  take  tiiem  to  Heard  Island.  Captain  Buley 
kindly  offered  to  be  our  guide,  and  we  soon  found  a  site,  which  served 
excellently  for  our  primary  station.  The  anchorage  for  our  vessels 
was  perfect,  the  landing  safe,  the  foundations  for  our  instruments  the 
solid  rock,  the  supply  of  water  good,  all  our  huts  could  be  placed 
on  the  same  level,  and  the  spot  was  protected  from  the  N.  and  W. 
gales,  without  interfering  with  the  horizon.  When  the  heavy  work  of 
draining,  landing  stores,  erecting  huts,  building  piers,  and  fixing  the 
instruments,  was  well  advanced  at  our  principal  station,  we  selected 
a  site  for  a  second  observatory,  six  or  seven  miles  south  of  the  first. 
Two  observers  were  placed  there  with  a  transit  and  small  altazimuth 
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for  finding  local  time  and  latitude,  and  with  two  fonr-inch  telescopeB 
for  observing  contacts. 

The  GermanB  and  Americans,  who  at  first  intended  to  occupy 
Heard  Island,  were  now  stationed  at  Eerguelen ;  the  latter  in  Bojal 
Sound  near  the  Prince  of  Wales'  Foreland,  some  8  miles  N.E.  of 
our  first  station,  and  the  former  at  Betsy  Cove,  10  miles  N.  of  the 
Americans.  The  Orozets  had  been  also  abandoned,  and  thus  a  large 
cloud  over  the  east  end  of  Eerguelen  might  destroy  at  once  all  the 
best  Delislean  stations  for  retarded  ingress,  and  the  south  stations  for 
Hialley's  method.  I  determined  therefore,  if  it  was  at  all  advisable,  to 
attempt  the  occupation  of  Heard  Island.  Lieutenant  Coke  generously 
volunteered  to  taJce  the  observations,  and  Captain  Fairfax  prepared  the 
*  Yolage '  for  the  trip,  which  was  likely  to  be  a  stormy  one.  We  had 
already  made  every  possible  inquiry  from  the  sealers,  and  their  reports 
were  discouraging.  Captain  Fuller,  who  is  best  acquainted  wiUi 
those  seas,  we  had  not  as  yet  met,  but  we  expected  to  see  him  about 
two  weeks  before  the  transit.  His  account  of  the  island  left  us  &ially 
no  hope  of  a  successful  trip,  as  he  told  us  we  should  probably  have  to 
wait  many  days  before  it  would  be  possible  to  land  at  all,  and  even 
then  our  instruments,  chronometers,  &c.,  would  have  to  be  conveyed 
on  shore  in  the  sealing  boats  through  a  heavy  surf.  We  were  forced, 
therefore,  however  reluctant  we  might  be,  to  give  up  Heard  Island, 
and  to  occupy  instead  a  third  position  on  Eerguelen.  This  proved  in 
the  end  to  be  particularly  fortunate,  as  the  whole  of  the  transit  was 
observed  at  the  third  station,  and  we  learned  afterwards  from  the 
sealers  that  the  sun  was  not  visible  on  December  8th  at  Whisky 
Bay,  the  only  landing  place  on  Heard  Island. 

The  early  morning  of  the  day  of  the  transit  was  fine  at  Eerguelen, 
but  the  sky  gradually  clouded,  which  interfered  considerably  with  the 
observations.  At  Station  I.  Venus  was  observed  until  after  bisection 
at  ingress ;  a  small  cloud  then  covered  the  sun  completely  until  after 
internal  contact.  Some  thirteen  photographs,  and  a  few  measures  of 
least  distance  of  limbs,  and  of  diameters,  were  obtained,  and  internal 
and  external  contact,  as  well  as  bisection,  were  fairly  observed  at 
egress  with  the  6-  and  4-inch  equatorials.  At  Station  II.  the  sun  was 
well  seen  at  ingress  by  both  observers,  but  it  was  cloudy  at  egress. 
These  results,  with  the  success  at  Station  III.,  were  very  satisfactory, 
considering  the  reputation  for  cloud,  mist,  and  high  wind  enjoyed  by 
this  Land  of  Desolation. 

The  excellent  state  of  the  sky,  the  good  definition  of  the  telescope, 
■nd  the  care  taken  in  the  observation,  make  the  time  of  internal  con- 
tact at  ingress,  obtained  by  Lieutenant  Corbet,  especially  reliable. 

Our  orders  about  longitude  determinations  were  very  stringent, 
■nd  our  stay  on  the  island  was  consequently  extended  to  five  months, 
although  this  necessitated  an  arrangement  about  half  rations.  We 
obtained  for  our  fundamental  longitude  nineteen  transits  of  the  moon, 
ninety  double  altitudes  or  azimuths,  and  one  occultation.  In  the 
meantime  the  different  stations  in  Eerguelen  were  connected  together 
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by  aid  of  eight  speoial  chronometers,  and  satisfactory  gunpowder 
signals  were  made  for  longitude  connections  on  a  central  island  in 
Boyal  Sound.  These,  with  a  run  from  the  Oape  to  Eerguelen  with  all 
our  chronometers,  complete  the  work  done  to  secure  satisfactory 
longitudes. 

During  our  stay  the  naturalist,  the  Bey.  A.  E.  Eaton,  was  inde- 
fatigable in  collecting  the  natural  products  of  the  island,  and  at  our 
principal  station  we  carried  on,  simultaneously  with  the  astronomical 
work,  a  very  complete  series  of  observations  of  the  elements  of  the 
earth's  magnetic  force,  and  readings  were  taken  at  all  the  even  hours, 
day  and  night,  of  the  chief  meteorological  instruments.  The  men  of  the 
Boyal  Engineers  deserve  great  credit  for  the  zeal  they  showed  in 
willingly  undertaking  this  laborious  portion  of  our  routine  duties.  On 
the  advice  of  Captain  Nares  a  numbeor  of  rabbits  and  goats  were  taken 
from  the  Gape  and  left  on  the  island  to  propagate.  They  were  doing 
well  when  we  left. 

Two  hours  after  the  last  observed  passage  of  the  moon  across  the 
meridian,  our  two  vessels  were  already  under  steam ;  H.M.S. '  Supply ' 
bound  for  the  Oape  of  Oood  Hope,  and  H.M.S. '  Volage'  for  Oeylon 
and  Aden,  en  route  for  England.  Five  months  on  the  Island  of  Deso- 
lation was  a  sore  trial  to  many,  but  the  kindness  and  assistance  we 
invariably  met  with  from  both  Oaptain  Fairfax  and  Captain  Inglis, 
and  from  the  officers  and  men,  lightened  our  task  very  much.  Before 
reaching  the  equator  we  passed  within  22  miles  of  the  centre  of  a 
cyclone.  The  ^  Volage '  rolled  frequently  more  than  45%  and  the  sea 
poured  freely  over  her  hammock  nettings,  but  fortunately  we  escaped 
after  two  days  without  loss  of  life.  On  our  homeward  journey  we 
availed  ourselves  of  the  opportunities  afforded  of  collecting  data  for 
the  formation  of  magnetic  charts  of  the  declination,  dip,  and  intensity. 

With  the  sole  exception  of  New  Zealand,  where  fine  weather  was 
almost  a  certainty  at  that  season  of  the  year,  the  observers  at  the 
-remaining  British  stations  were  favoured  with  excellent  weather,  and 
the  harvest  is  proportionately  abundant.  India  was  equally  successful ; 
and  the  official  astronomers  at  Melbourne  and  Sydney  can  show  much 
that  will  lessen  our  disappointment  at  the  failure  in  New  2jealand. 
But  England  did  not  depend  solely  on  her  Qovernment  expeditions,  or 
on  those  of  her  colonies  for  her  share  in  the  work  of  the  late  transit. 
Many  private  observers,  as  Mr.  Tebbutt  and  Mr.  Hennessy  in  Aus- 
tralia and  India,  Admiral  Ommanney  and  Colonel  Campbell  in 
Egypt,  and  others,  added  their  valuable  results  to  those  accumulated 
by  official  astronomers ;  but  no  expedition  was  more  perfectly  equipped, 
or  more  ably  manned,  than  that  which  rounded  the  Cape  in  the  yacht 
*  Venus,'  and  we  have  very  great  reason  to  regret  that  sickness,  caused 
by  this  journey  to  Mauritius,  has  prevented  Lord  Lindsay  from  giving 
us  himself  a  full  account  of  the  noble  part  he  took  in  tiie  transit  of 
1874. 

Unfortunately  the  very  limited  time  at  our  disposal  will  only 
allow  us  to  do  scanty  justice  to  the  triumphs  of  other  nations,  but  we 
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must  at  least  cast  a  rapid  glance  at  their  sacoesses.  Bossia)  with  her 
thirtj-two  stations,  sncceeded  perfectly  at  five,  partially  at  eight,  and 
most  mifortnnately  failed  wholly  at  nineteen.  France  had  admirable 
good  fortone  at  8.  Paid's,  Nangasaki,  and  Pekin,  but  envious  clouds 
interfered  wholly  at  Campbell  Island,  and  partially  at  Caledonia 
IsLmd.  America  was  less  fortonate  in  the  south  than  in  the  north  ; 
her  best  results  are  chiefly  photographic.  Germany  obtained  excellent 
observations  with  heliometer  and  photoheliograph ;  and  Italy,  Hol- 
land^ and  Austria  added  their  quota  to  the  total  results. 

Preparations  conducted  by  such  men  as  Airy  and  Struve,  Puiseuz, 
Auwers,  and  Newcombe,  could  not  fidl  of  securing  the  happiest 
results,  when  favoured  by  the  fine  weather  which  has  fortunately  pro- 
vailed.  But  it  will  be  only  when  the  longitudes  have  been  computed, 
the  photographs  measured,  and  the  contacts  discussed,  that  we  can 
with  any  confidence  compare  the  results  obtained  by  Halley  and 
Delisle,  by  photograph  and  daguerreotype,  by  fixed  and  by  movable 
telescope,  by  spectroscope  and  telescope,  by  indirect  and  by  direct 
methodiB ;  or  be  able  to  say  to  what  degree  of  approximation  we  have 
now  attained. 

But  there  are  many  things  that  we  have  already  learnt  from  the 
late  observations  that  are  both  interesting  in  themselves,  and  that 
will  lead  to  more  accurate  results  in  the  approaching  transit  of 
1882.  The  aqueous  vapour  in  the  ring  round  Venus,  discovered 
by  Tacchini;  the  difference  between  photographic  and  eye  contact, 
proved  by  Janssen ;  the  possibility  of  seeing  Venus  on  the  chromo- 
sphere, before  external  contact,  without  the  aid  of  the  spectroscope,  also 
verified  by  the  same  astronomer;  the  absence  of  eUipticity  in  the 
planet;  are  all  useful  and  instructive  additions  to  our  previous 
knowledge.  The  difficulty  about  the  ligament  and  the  deformation 
of  Venus,  which  so  much  troubled  observers  of  the  last  century,  has 
almost  vanished,  and  we  now  find  this  messenger  of  darkness 
replaced  by  a  messenger  of  light,  a  bright  ring,  which  threatens  to  be 
nearly  as  troublesome  as  its  predecessor.  But  difficulties  are  rarely 
invincible  when  we  see  clearly  what  we  have  to  meet,  and  we  may 
confidently  expect  that  the  observations  of  1874  will  not  only  furnish 
a  close  approximation  to  the  solar  parallax,  but  will  also,  by  the 
lessons  it  affords,  lead  to  a  still  closer  approximation  in  1882. 

In  this  necessarily  rapid  sketch  of  what  is  already  known  of  the 
observations  made  on  the  8th  of  December,  1874,  many  names  have 
doubtless  been  omitted  which  might  have  been  mentioned,  and  full 
weight  could  scarcely  have  been  given  to  many  important  results 
touched  upon  so  cursorily.  It  is  hoped,  however,  that  no  one  will  be 
led  to  conclude  that  this  arises  from  any  want  of  a  due  appreciation 
of  the  value  of  his  labours  in  this  field  of  science. 

[8.  J.  P.] 
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WEEKLY  EVENING  MEETING, 
Friday,  March  8, 1876. 

Gbobqi  Busk,  Esq.  F  JI.S.  Treasurer  and  Vice-President, 
in  the  Chair. 

Pbofsssob  Oduno,  M.A.  F.RS.  M.B.I. 

The  Paraffins  and  their  Alcohols. 

I.  Hydbooabbons  in  Gekbbal. 

Olbfiakt  gas,  turpentine  spirit,  and  the  beantifol  crystalline  body 
naphthalene  are  familiar  examples  occurring  in  the  gaseous,  liquid, 
and  solid  states  respectively,  of  a  particular  class  of  combustible 
substances ;  and  although  usually  burning  imperfectly,  that  is  with 
a  smoky  flame,  they  are  alike  capable  of  complete  combustion,  that  is 
of  complete  oxidation,  by  the  oxygen  of  the  air. 

Instead,  howeyer,  of  burning  these  substances  directly  in  the  air, 
metallic  copper  may  first  be  burnt  or  oxidized  in  the  air,  and  the 
combustible  substance  be  then  heated  with  the  resulting  oxide  of 
copper.  In  this  way,  the  previously  burnt  copper  becomes  unbumt, 
and  the  combustible  substance  completely  burnt  by  the  oxygen  which 
it  acquires  from  the  oxidized  copper, — this  oxygen  having  been  origi- 
nally acquired  by  the  copper  from  the  air  in  the  process  of  its  own 
oxidation  or  burning. 

Pure  hydrogen  by  being  burnt  in  the  air  or  with  oxide  of  copper 
furnishes  only  water,  and  pure  carbon  by  being  completely  burnt  in 
the  air  or  witii  oxide  of  copper  furnishes  only  carbonic  acid, — water 
and  carbonic  acid  being  the  burnt  or  fully  oxidized  forms  of  hydrogen 
and  of  carbon  respectively. 

Now  oleflant  gas,  turpentine  spirit,  and  solid  naphthalene  are 
alike  shown  to  be  constituted  of  hydrogen  and  carbon  by  the  circum- 
stance of  their  alike  yielding  as  products  of  their  burning,  water  or 
burnt  hydrogen  and  carbonic  acid  or  burnt  carbon. 

That  they  have  no  other  constituents  than  hydrogen  and  carbon 
is  shown  negatively,  by  the  impossibility  of  recognizing  in  them  the 
presence  of  any  otiier  constituent ;  and  positively,  by  weighing  the 
amounts  of  water  and  carbonic  acid  produced  by  their  burning, — a 
process  of  great  ease  and  exactitude  when  their  burning  is  effected 
by  means  of  oxide  of  copper. 

For  instance,  from  a  gramme  of  any  one  of  these  substances,  burnt 
with  oxide  of  copper,  there  are  produced  a  weight  of  water  correspond- 
ing to  a  certain  quantity  of  hydrogen  and  a  weight  of  carbonic  acid 
corresponding  to  a  certain  quantity  of  carbon, — these  quantities  of 
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hydrogen  and  carbon  taken  together  amonnting  to  exactly  one 
gramme. 

Accordingly,  defiant  gas,  turpentine,  and  naphthalene,  belong 
alike  to  the  class  of  hydrocarbons, — that  is,  of  compounds  constituted 
solely  of  carbon  and  hydrogen. 

Now  while  chemists  are  acquainted  with  only  two  componnds  of 
hydrogen  and  oxygen  with  each  other — namely,  water  and  peroxide 
of  hydrogen ;  and  with  only  two  componnds  of  carbon  and  oxygen 
with  each  other,  namely,  hiJf  burnt  carbon  or  carbonous  oxide,  and 
fiilly  burnt  carbon  or  carbonic  acid  gas, — the  known  compounds  of 
carbon  and  hydrogen  with  each  other  may  be  counted  by  hundreds. 

These  hundreds  of  hydrocarbons  differ  much  from  one  another  in 
many  ways;  and  especially  in  their  behaviour  when  submitted  to 
actiye  chemical  agents.  With  the  majority  of  hydrocarbons,  exposed 
under  suitable  conditions  to  the  action  of  chlorine  for  instance,  chlorine 
is  absorbed  and  a  compound  of  the  original  hydrocarbon  with 
chlorine  obtained. 

Thus  in  the  special  case  of  defiant  gas,  the  compound  so  obtained 
is  an  oily  liquid,  which  may  not  only  be  shown  by  analysis  to  have 
the  composition  of  defiant  gas  plus  chlorine,  but  which,  when  heated 
with  metallic  magnesium  for  instance,  breaks  up  into  its  constituent 
olefiant  gas  and  chlorine — ^the  latter  appearing  in  this  case  as  chloride 
of  magnesium,  a  compound  producible  directly  by  heating  the  metal 
in  chlorine  gas. 

And  the  majority  of  known  hydrocarbons  agree  with  olefiant  gas 
in  this  respect,  namely,  that  they  have  the  property  of  uniting 
directly  with  chlorine  and  its  analogues ;  with  the  compounds  formed 
by  the  union  of  chlorine  and  its  analogues  with  hydrogen ;  and  even, 
in  many  cases,  under  suitable  conditions,  with  hydrogen  itself. 

The  combination  of  these  hydrocarbons  with  hydrogen  is,  however, 
usually  effected  indirectly.  Olefiant  gas,  for  instance,  is  first  combined 
with  chlorine  CI,,  or  hydriodic  acid  HI,  and  the  halogen  of  the 
resulting  compound  then  simultaneously  withdrawn  and  replaced  by 
hydrogen,  acting  in  the  nascent  state. 

n.  Pabaffihs  in  General. 

But  certain  hydrocarbons  are  distinguished  firom  the  generality 
by  being  altogether  devoid  of  this  property  of  entering  into  combina- 
tion ;  and  inasmuch  as  they  are  further  very  difficultly  attackable  in 
any  way  by  chemical  agents,  they  are  called  paraffins,  or  bodies 
deficient  in  chemical  activity. 

Hydrocarbons  of  this  inactive  chemical  habit  are  some  of  them 
solid,  some  of  them  liquid,  whether  spirituous  or  oily,  and  some  of 
them  gaseous.  The  best  kno¥m  of  the  gaseous  paraffins  is  marsh-gas, 
— the  inflammable  gas  of  coal-mines,  and  most  abundant  constituent  of 
ordinary  coal-gas.  Of  the  liquid  paraffins,  the  most  dense  varieties 
are  used  as  lubricating  oils ;  the  intermediate  varieties  as  burning  oils, 
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their  use  in  this  way  being  unattended  with  danger  or  eyen  offensiye 
smell ;  while  the  lightest  and  most  volatile  varieties  constitute  benso- 
line,  a  liquid  of  many  uses  in  the  arts,  but  exceedingly  dangerous 
as  a  fuel  for  lamps.  The  solid  parafi&ns  including  the  curious  min- 
eral ozokerite  are,  as  is  well  known,  used  largely  in  the  manufacture 
of  candles. 

Now  it  is  found  by  analysis  that  the  proportion  by  weight  of  con- 
stituent hydrogen  in  the  paraffins,  solid,  liquid,  and  gaseous,  is  larger 
than  the  proportion  by  weight  of  hydrogen  met  with  in  hydrocarbons 
of  any  otiier  class ;  and  that  it  varies  from  14*  6  per  cent,  in  the  most 
denae  solid  to  25*0  per  cent  in  the  lightest  gas,  the  proportion 
increasing  regularly  with  the  volatility  of  the  paraffin. 

Moreover  hydrocarbons,  not  belonging  to  the  paraffin  class,  become 
converted  into  paraffins  by  their  direct  or  indirect  fixation  of  addi« 
tional  hydrogen.  Thus  the  compound  formed  by  adding  hydrogen  to 
defiant  gas,  in  exchange  for  the  iodine  of  the  hydriodide  of  defiant 
gas,  constitutes  the  paraffin  known  as  ethane. 

The  paraffins  being  then  the  most  highly  hydrogenized  of  hydro- 
carbons, and  the  halogens  and  halogen  adds  when  got  to  combine 
with  certain  other  hydrocarbons,  occupying  but  the  place  of  the  exces- 
sive hydrogen  of  corresponding  paraffins,  tiie  inability  of  the  paraffins 
to  enter  into  combination  with  hydrogen  or  its  representatives  would 
appear  to  depend  upon  their  being  already  saturated  with  hydrogen ; 
and  accordingly  they  are  often  spoken  of  as  saturated  hydro(»rbon8. 

A  very  simple  relationship,  in  respect  of  composition,  is  found  to 
subsist  between  the  different  paraffins  one  with  another.  In  each  and 
all  of  them,  gaseous,  liquid,  or  solid,  the  number  of  their  proportions 
of  hydrogen  is  found  to  exceed  by  two  proportions,  twice  the  number 
of  their  proportions  of  carbon;  or  they  are  each  and  all  of  them  expres- 
sible by  the  general  formula  OnHan-f  2  • 

Two  liquid  paraffins,  for  instance,  met  with  in  bensoline  or 
paraffin-spirit,  boiling  the  one  at  99^  tiie  other  at  124°,  have  received 
the  names  of  heptane  and  octane,  and  are  expressed  by  the  formul» 
OfH^,,  and  OgH^g  respectively;  not,  however,  as  a  mere  resdt  of 
analysis,  which  indeed  shows  very  little  difference  between  them — 
the  one  consisting  of  84  per  cent,  carbon  and  16  per  cent,  hydrogen, 
the  other  of  84*2  per  cent,  carbon  and  15*8  per  cent,  hydrogen. 

The  mode,  however,  in  which  the  above  and  similar  formula  are 
arrived  at  is  very  simple.  If  chloroform  or  prussic  acid,  for  example, 
be  converted  into  vapour,  it  is  found  that  the  volume  of  vapour 
(reduced  to  standard  temperature  and  pressure)  which  contains  one 
gramme  by  weight  of  hydrogen,  is  22  *  4  litres ;  and,  further,  that  this 
same  volume  contains  also  twelve  grammes  by  weight  of  carbon. 

And  taking  the  vapours  of  a  variety  of  hydrogen  compounds, 
whether  or  not  carbonous  also,  it  is  found  that  22*4  litres  of  such  a 
vapour  always  contain,  within  the  limits  of  experimental  error,  either 
one  gnunme  or  two,  three,  four,  five,  or  six,  <&c.,  dxs.,  granmies  of 
hydrogen.    Similarly,  taking  the  vapours  of  a  variety  of  carbon  corn- 
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pounds,  whether  or  not  hydrogenons  also,  it  is  fonndy  even  more 
exactly,  that  22  -  4  litres  of  such  a  yapour  contain  either  twdve  grammeSy 
or  twenty-four,  thirty-siz,  forty-eight,  &c.,  &c.,  grammes  of  carbon. 

In  the  case  of  heptane  O^lli^j  for  instance,  it  is  fonnd  that  22*4 
litres  of  its  Taponr  contain  sixteen  grammes  of  hydrogen,  and  eighty- 
fonr  gnunmes  of  carbon ;  or  16  times  as  much  hydrogen  and  7  times  as 
mnch  carbon  as  are  contained  in  22*4  litres  of  the  vaponr  of  chloro- 
form CHGI3,  or  of  pmssic  acid  OHN.  Whereas  in  the  case  of  octane 
CgH^g ,  22 '  4  litres  of  its  vaponr  are  found  to  contain  eighteen  gnunmes 
of  hydrogen  and  ninety-six  grammes  of  carbon,  or  18  times  as  much 
hydrogen  and  8  times  as  much  carbon  as  are  found  in  22*4  litres  of 
the  Taponr  of  chloroform  or  prussic  acid. 

MoreoYor,  in  heptane,  it  is  found  possible  to  form  definite  new 
compounds  by  replacing  its  hydrogen  in  the  proportion  of  one  or  more 
sixteenths  of  the  whole,  but  not  in  the  proportion  of  one  or  more 
eighteenths ;  whereas,  in  octane,  it  is  found  possible  to  replace  its 
hydrogen  in  the  proportion  of  one  or  more  eighteenths  of  the  whole, 
bot  not  in  the  proportion  of  one  or  more  sixteenths. 

Again  from  certain  similar  deriyatiyes  of  heptane  and  octane 
respectiyely,  it  is  possible  to  remoye  by  one  and  the  same  process 
exactly  one-seyenth  of  the  entire  carbon  in  the  case  of  heptane 
O7H19 ,  and  exactly  one-eighth  of  the  entire  carbon  in  the  case  of 
octane  OgH^g ;  showing  the  carbon  of  the  two  paraffins  to  be  diyisible 
into  seyenths  and  into  eighths  respectiyely. 

Other  eyidence  leading  to  the  same  conclusion  may  be  adduced ; 
so  that  altogether  the  synoptic  formulie,  as  they  are  called,  of  the 
different  paraffins,  are  the  expressions  of  well-ascertained  facts  with 
regard  to  them. 

IIL  IsoMSBio  Pabapfuib. 

But  there  is  something  of  yet  further  interest  to  be  made  out  with 
respect  to  the  paraffins.  Thus  while  the  formulie  OH^,  O^H^,  and 
C3H3,  apply  each  of  them,  so  fu  as  is  known,  to  a  single  paraffin 
only,  the  formula  O^H^q  applies  to  two  distinct  compounds,  the 
fonnulft  ObH^,  to  three  distinct  compounds,  the  formuU  O^H^^  to 
fiye  distinct  compounds,  the  formula  OfH^^  to  eight  distinct  com- 
pounds, and  so  on. 

Considering  the  case  of  the  fourth  paraffin  more  particularly, 
there  are  two  perfectly  distinct  gases,  or  highly  yolatile  liquids 
known,  of  composition  expressible  by  tiie  formuk  O^H^q  ;  the  least 
yolatile  of  them,  or  normal  butane,  boiHng  at  1°  aboye  tiie  fizzing 
point,  and  the  most  yolatile,  known  as  isobutane,  boiling  at  15^  below 
the  freezing  point.  Tet  not  only  do  equal  weights  of  the  two  bodies 
contain  exactly  the  same  weights  of  hydrogen  and  of  carbon  respec- 
tiyely, but  equal  yolumes  of  the  yapours  of  the  two  bodies  also 
contain  the  same  weights  of  hydrogen  and  of  carbon  respectiyely. 
Horeoyer,  the  hydrogen  of  both  of  ^em  is  replaceable  in  t^ths,  and 
the  carbon  of  both  of  them  in  fourths. 
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And  the  similar  derivatiyes,  obtainable  from  the  two  butanes  by 
similar  processes,  present  corresponding  differences  in  their  proper- 
ties. Thus  the  bntyrio  acid  obtainable  from  normal  butane  is  of 
sp.  gr.  981,  boils  at  168°,  and  yields  a  calcium  salt  which,  crystallizing 
with  but  one  proportion  of  water,  is  sing^ular  in  being  more  soluble  in 
cold  than  in  hot  water;  while  the  butyric  acid  obtainable  from 
isobtttane  by  exactly  the  same  process,  having  the  same  composition 
and  expressed  by  the  same  formula  04Hg02,  has  a  sp.  gr.  959,  boils  at 
154°,  is  more  r^tdily  oxidizable  than,  though  into  the  same  products 
as  the  other  acid,  and  yields  a  calcium  salt  crystallizing  with  five  pro- 
portions of  water,  less  soluble  than  the  other  salt  and  observing  the 
usual  rule  of  solubility. 

Similarly  with  regard  to  pentane,  or  rather  to  the  pentanes,  alike 
represented  by  the  formula  C5H12  •  One  pentane  boils  at  88°,  another, 
known  as  isopentano,  at  80^,  and  the  third,  which  may  be  called  neo- 
pentane,  as  low  as  9*  5^.  The  one  yields  an  oily  acid  boiling  at  185^, 
the  other  a  like  acid  boiling  at  175°,  and  the  third  a  like  add  boiling 
at  161°,  all  three  acids  of  composition  expressible  by  the  same  formula 
C.HjoOa. 

Two  or  more  bodies,  having  in  this  way  the  same  composition  and 
unit  weight,  are  said  to  be  isomeric ;  and  this  property  of  isomerism, 
manifested  to  such  a  degree  by  bodies  of  such  a  simple  constitution 
as  the  paraffins,  is  certainly  one  of  the  most  notewortiiy  phenomena 
as  it  is  indeed  one  of  the  most  suggestive  problems  of  modem  organic 
chemistry.  And,  passing  from  the  paraffins  to  hydrocarbons  in  general, 
the  number  of  bodies  of  this  class  with  which  the  chemist  has  to  deal 
is  increased  probably  fourfold  by  the  number  of  instances  of  isomerism 
met  with  among  them. 

lY,  Pabapfiks  akd  Alcohols. 

Before  considering  further  the  nature  of  the  paraffins,  and  of  the 
isomerism  manifested  by  the  greater  number  of  them,  it  is  advisable 
to  examine  the  relationship  subsisting  between  the  paraffins  and  a 
better  known  and  far  more  active  class  of  bodies,  namely,  the 
alcohols ;  and  this  relationship  may  well  be  considered  first  in  the 
case  of  common  or  ethylic  alcohol  and  its  associated  paraffin,  ethane, 
— the  paraffin  producible  by  the  hydrogenation  of  olefiant  gas,  and 
one  of  the  few  paraffins  of  which  no  isomers  are  known. 

It  has  been  said  that  the  paraffins  are  not  readily  acted  on  by 
chemical  agents;  still  they  are  attackable  by  chlorine,  and  with  a 
proportionately  less  degree  of  difficulty  in  the  case  of  the  simpler 
members  of  the  series.  Accordingly  when  ethane  OjH^,  and  chlorine 
OI29  are  mixed  together,  although  the  parafi&n  does  not  combine 
directly  with  the  chlorine,  it  nevertheless  reacts  with  it,  and  so  as  to 
produce  two  new  bodies,  one  of  which  is  hydrochloric  acid  CIH,  and 
the  other  chlorethane  O2H5GI, — a  kind  of  ethane  in  which  one  pro- 
portion of  hydrogen  is  replaced  by  one  proportion  of  chlorine.    Or 
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the  chlorine  numifests  its  great  tendency  to  miite  with  hydrogen,  by 
taking  some  hydrogen  away  from  the  paraffin,  snbject  to  the  condition 
of  an  equivalent  quantity  of  chlorine  filling  the  place  of  the  hydrogen 
80  taken  away. 

But  while  chlorine  has  the  property,  as  illnstrated  above  in  the 
case  of  a  paraffin,  of  replacing  hyd]x>gen  directly,  proportion  for  pro- 
portion, it  can  only  replace  oxygen  by  an  exchange  of  two  proportions 
of  chlorine  for  one  proportion  of  oxygen,  this  exchange  being  nsaally 
brought  about  by  means  of  the  very  active  chemical  agent  known  as 
percKLoride  of  phosphorus, — an  agent  which,  by  acting  on  a  large 
number  of  oxidized  organic  compounds,  takes  away  their  oxygen, 
giving  up  to  them  an  equivalent  quantity  of  its  own  chlorine  in 
exchange.  Common  camphor,  for  instance,  OioH^^O'',  when  acted  on 
by  perchloride  of  phosphorus,  exchanges  its  one  proportion  of  oxygen 
for  two  proportions  of  chlorine  to  form  the  compound  Oiffl^fil^. 

In  the  case  of  alcohol,  however,  OaH^O'',  the  action  is  somewhat 
different.  Its  one  proportion  of  oxygen  is  indeed  replaced  by  two 
proportions  of  chlorine,  but  with  formation  not  of  one  di-chlorinated 
product,  but  instead,  of  two  mono-chlorinated  products,  namely, 
chlorethane  or  chloride  of  ethyl  O2H5CI,  and  hydrochloric  acid  CIH,  the 
identical  products  producible  from  ethane  by  the  action  of  chlorine. 

Now  the  substance  known  as  chloride  of  ethyl  or  chlorethane, 
whether  got  from  ethane  or  got  from  alcohol,  is  one  and  the  same 
body,  and  convertible  alike  into  either  of  the  above  two  bodies  from 
which  it  is  obtainable.  For  its  reconversion  into  the  paraffin,  it 
suffices  to  treat  it  with  nascent  hydrogen ;  for  its  reconversion  into 
the  alcohol,  to  heat  it  under  pressure  with  dilute  alkali.  The  paraffin 
and  alcohol  then,  are  mutually  transformable  through  the  intervention 
of  the  chloride  producible  from  either  of  them. 

The  relationships  of  composition  and  mutual  metamorphosis 
subsisting  between  the  paraffin,  chloro-paraffin,  and  alcohol,  are 
precisely  the  relationships  subsisting  between  hydrogen,  hydrochloric 
acid,  and  water, — the  action  of  chlorine  on  a  unit  of  hydrogen  H, ,  lead- 
ing to  the  production  of  two  units  of  hydrogen  chloride  HGl  • . .  CIH, 
and  its  action  on  a  unit  of  ethane  OaH,,  let^ng  to  the  production  of 
two  units  of  ethyl  chloride  and  hydrogen  chloride  C2H5CI . . .  CIH, 
jointly.  Again,  the  exchange  of  chlorine  for  oxygen  in  a  unit  of 
water,  H3O  or  HOH,  leading  to  the  production  of  two  units  of  hydrogen 
chloride,  HCl .  • .  CIH,  its  exchange  for  oxygen  in  a  unit  of  alcohol, 
CjH^O  or  C2H5O  H  leads  to  the  production  of  two  units  of  ethyl- 
cUoride  and  hydrogen  chloride,  C2H5CI  • . .  CIH,  jointly. 

The  above  kind  of  relationship  subsisting  between  ethane  and 
common  alcohol  is  found  to  prevail  generally, — every  paraffin  being 
similarly  associated  with  its  corresponding  alcohol.  Thus  with 
propane  CgHg,  is  associated  propylic  alcohol  CgHgO,  boiling  at  97^; 
with  butane  C^H^o*  butylic  alcohol  C^H^oO,  boiling  at  116'' ;  and  with 
isobutane  C4Hfo,  isobut^lic  alcohol  C^E^fi*',  boiling  at  109^  With 
pentane  C^H^,,  is  associated  pentyl  alcohol  O^B^iJO,  boiling  at  187^ 
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and  with  isopentane  OftH^, ,  isopentyl  or  amjl  alcohol  CftHijO^s  boiling 
at  129^  The  alcohol  corresponding  to  neopentane  O5H13  has  not 
been  examined. 

y.  Aloohols  nr  Okmebal. 

As  regards  the  sources  of  the  different  alcohols,  although  the  chief 
product  of  the  alcoholic  fermentation  is  common  alcohol,  there  is 
always  formed  in  addition  a  considerable  proportion  of  isopentyl  or 
amyl  alcohol  05Hi20^,  which  constitutes  the  chief  constituent  of 
what  in  English  distilleries  is  called  ''faints,"  and  in  foreign  dis- 
tilleries ''fousel  oil."  The  propylic,  isobutylic,  and  CYcn  isohezylio 
alcohols,  OaHgO,  O^B^^qO^^^  and  C^Bi^fi'  respectiyely,  are  also  met 
with,  as  minor  products  of  fermentation,  and  are  capable  of  extrac- 
tion from  crude  spirit  of  different  kinds.  But  the  greater  number  of 
the  alcohols  are  derived  by  various  processes  from  other  and  yarious 
sources,  and  are  procured  especially  by  the  metamorphosis  of  their 
corresponding  paraffins. 

From  the  relationship  subsisting  between  the  alcohols  and 
paraffins,  it  follows  that  ^e  aloohols  are  as  yaried  in  their  obvious 
properties  as  are  the  paraffijis  themselves.  The  simpler  alcohols, 
typified  by  common  alcohol  and  wood-spirit,  are  volatile  or  spirituous 
liquids,  freely  miscible  with  water  and  burning  with  a  non-luminous 
flame ;  the  higher  alcohols  are  oily  in  appearance,  immiscible  with 
water,  have  h^h  boiling  points,  and  bum  with  a  luminous  and  even 
smoky  flame ;  while  the  yet  higher  alcohols,  as  those  procurable  from 
spermaceti,  Ohinese  wax,  and  beeswax,  are  fusible,  crystallizable,  com- 
bustible solids. 

Unlike  the  paraffins,  however,  the  alcohols,  whether  spirituous, 
oily,  or  solid,  are  readily  oxidizable;  and  in  the  case  of  certain 
alcohols,  which  constitute  the  class  of  alcohols  proper  or  primary 
alcohols,  the  oxidation  takes  place  in  this  fashion.  The  first  stage 
of  the  oxidation  results  in  the  formation  of  an  aldehyd — a  body  of 
very  characteristic  properties,  differing  in  composition  fr^m  the 
alcohol  yielding  it  by  a  loss  of  two  proportions  of  hydrogen.  The 
next  stage  of  the  oxidation  consists  in  the  conversion  of  the  aldehyd 
into  a  volatile  acid,  by  the  gain  of  one  proportion  of  oxygen ;  while 
any  further  oxidation  results  in  the  breaking  up  of  the  sul^tance  into 
two  or  more  carbon  compounds. 

Now  it  is  the  relationship  of  the  paraffins  to  this  particular  variety 
of  alcohols  which  has  been  already  illustrated.  And  so  far  at  least 
as  the  study  of  this  relationship  has  gone,  there  would  appear  to  be  as 
many  isomeric  primary  alcohols  as  tiiere  are  isomeric  paraffins ;  and 
the  nature  of  the  difference  between  the  several  isomeric  members  of 
the  one  class,  whatever  that  may  be,  would  appear  to  be  also  the 
nature  of  the  difference  between  the  several  isomeric  members  of 
the  other  class,— the  mutual  convertibility  of  the  paraffin  and  its 
alcohol  not  throwing  any  light  upon  the  question. 
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VI.  SlOOHDABT  AND  TkBTIABT  AlOOHOLS. 

But  the  majority  of  the  paraffins  are  found  to  be  asBociated  each 
one  of  them  not  only  wiUi  an  alcohol  of  the  aboye-described 
character,  that  ia  to  say  a  primary  alcohol,  bat  also,  and  by  a  very 
similar  mode  of  metamorphosis,  with  an  isomeric  alcohol  of  a  different 
character,  either  of  the  class  known  as  secondary  or  of  the  class 
known  as  tertiary  alcohols;  while  in  many  instances,  ihe  paraf- 
fins are  associated  similarly  not  only  with  either  a  secondary  or 
a  tertiary  alcohol,  bnt  with  both  a  secondary  and  a  tertiary  alcohol, 
in  addition  to  a  primary  alcohol.  In  other  words,  some  paraffins  are 
associated  each  with  a  primary  alcohol  only,  others  with  a  primary 
and  secondary,  others  with  a  primary  and  tertiary,  others  with  a 
primary,  secondary,  and  tertiary  alcohol. 

Now  the  secondary  and  tertiary  alcohols  are  distingnished  from 
the  primary  alcohols,  or  alcohols  proper,  with  which  they  are  respec- 
tirely  isomeric,  by  a  difference  in  boiling  point,  and  more  especially 
by  a  difference  in  the  manner  of  their  oxidation.  The  first  stage  of 
the  oxidation  of  secondary  alcohols,  also  called  psendo-aloohols  or 
paendols,  as  of  the  primary  alcohols,  consists  in  their  deprivation  of 
two  proportions  of  hydrogen ;  but  the  products  have  no  longer  the 
characters  of  bodies  belonging  to  the  class  of  aldehyds,  bnt  of  bodies 
belonging  to  a  differently  characterized  class,  that  of  the  ketones. 
These  ketones  differ  especially  from  the  aldehyds  in  that  they  do  not 
undergo  any  stage  of  oxidation  corresponding  to  that  by  which  the 
aldehyds  are  conyerted  into  acids,  bat  nndergo  a  further  disruptiye 
oxidation  only.  The  tertiary  alcohols,  or  carbinols  proper,  do  not 
imdergo  even  the  stage  of  oxidation  corresponding  to  that  by  which 
the  primary  and  secondary  alcohols  are  converted  into  aldehyds  and 
ketones  reepectiyely,  bat  suffer  a  disruptiye  oxidation  only. 

Now  when  ethane  is  acted  upon  by  chlorine  it  yields  only  one 
monochlor-ethane  of  boiling  point  12*5^,  and  corresponding  to  pri- 
mary ethylic  alcohol  of  boilmg  point  78*4^,  which  is  indeed  the  only 
2-carbon  alcohol  known.  But  propane,  under  different  modes  of  treat- 
ment, is  capable  of  yielding  two  distinct  monochlorides  OjHfCl,  the 
one  boiling  at  46*6°,  and  corresponding  to  primary  propylic  alcohol 
boiling  at  98^  and  the  other  boiling  at  87°,  and  corresponding  to 
peendo-propylic  alcohol  boiling  at  88^.  Similarly  butane  and  pentane 
each  yield  two  monoohlorides,--each  a  monochloride  corresponding  to 
primary  butyl  and  primary  pentyl  alcohol,  boiling  at  116  and  187^ 
respectively,  and  each  a  monochloride  corresponding  to  pseudo-butyl 
alcohol  ani  psendo-pentyl  alcohol,  boiling  at  99"^  and  119°  respectively. 

Corresponding,  moreover,  to  isobutane,  there  is  a  primary  alcohol 
— isobutyl  alcohol,  boiling  at  109^  and  yielding  by  oxidation 
isobntyraldehyd  and  isobutyric  acid  successively.  There  is  not 
known,  however,  any  isobutyl  pseudo-alcohol  yielding  by  oxidation  a 
ketone,  bnt  instead  a  tertiary  alcohol  boiling  at  82^,  and  susceptible 


Digitized  by  VjOOQIC 


94 


Profeuor  Odling  on  the 


[Uarcli3, 


of  a  disraptiye  oxidation  only.  While  corresponding  to  iflopentane 
is  a  primary  alcohol,  isopentyl  or  amyl  alcohol,  boiling  at  129°,  and 
yielding  by  oxidation  yaleraldehyd  and  yaleric  acid  snccessiyely ; 
also  isopentyl  pseudo-alcohol  boilmg  at  107°,  and  yielding  by  oxida- 
tion isopentyl  ketone ;  and  lastly,  isopentyl  tertiary  alcohol,  boiling  at 
98°,  and  inoxidizable  save  into  simpler  carbon  products.  This  series 
of  relationships  is  illustrated  in  the  following  table. 

TABLE  L 


H, 

Hydrogen. 

Water. 

H,0. 

0H« 

Methane 

66° 

Methylio 

0H,0 

CA 

Ethane 

78° 

Ethylio 

C.H.0 

OA 

Propane 

1  97° 
t  83° 

Propylio 
Psendo-propylic 

C,H,0 

n 

C.H,. 

Butane 
Isobutane 

J 116° 
1  99° 

jl09° 
1  82° 

ButyUo 
PBeudo-butylio 

Isobutylio 
Eatabutylie 

C.H„0 

II 

» 
II 

Pentane 

(137° 
119° 

Pentylio 
Paeudo-pentylio 

C,H„0 

II 

0.H,. 

Isopentane 

129° 
107° 

Amylio 
Paeud-amylic 

II 
l» 

98° 

Eat-amylio 

»l 

,  Neopentane 

? 

0,H„ 

Hexanes 

Hexylio 

C,H„0 

C,H„ 

Heptanes 

Heptylio 

C,H,.0 

C.H,. 

Octanes 

Octylic 

0^,.O 

CiaHw 

Cetane 

Cetylio 

C,.H„0 

CjtHm 

Gerane 

Cerylio 

C„H„0 

CfoHei 

Melane 

Melylio 

C„H„0 

O.Hs,4.2 

Paraffin 

Alcohol 

C.Hfc+,0 

Of  associated  2-carbon  compounds  then,  there  is  only  one 
paraffin  and  one  alcohol  known.  Of  the  3-carbon  compounds,  there 
is  only  one  paraffin,  but  there  are  two  alcohols ;  while  of  4-carbon 
compounds  there  are  two  paraffins  and  four  alcohols.  Of  5-carbon 
compounds  there  are  three  paraffins  known,  corresponding  alike  to 
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the  fannnla  C5H12;  and  there  exist  probably  eight  alcohols,  four 
primaiy,  three  secondary,  and  one  tertiary,  corresponding  alike  to  the 
formola  O5H13O  ;  bnt  of  these  last,  two  primary,  two  secondary,  and 
one  tertiary  alcohol  are  alone  satisfiEKstorily  made  oat.  While  of 
6-carbon  compounds,  there  are  probably  five  paraffins  corresponding 
to  the  formula  C^Hi^,  and  no  fewer  than  sixteen  alcohols  correspond- 
ing alike  to  the  formula  C^H^^O. 


VIL  Pabaffin  OxiDATioir. 

Wbat  then  is  the  nature  of  the  difference  between  primary, 
secondary,  and  tertiary  paraffin  alcohols  ?  How  comes  it  that,  being 
three,  there  should  be  no  more  than  three  classes  of  these  alcohols  ? 
How  comes  it  that  while  eyery  parafSn  yields  a  primary  alcohol,  and 
some  paraffins  more  than  one,  certain  paraffins  should  yield  a  primary 
alcohol  only,  other  paraffins  should  yield  each  a  secondary  alcohol  in 
addition,  yet  others  a  tertiary  alcohol,  and  yet  others  both  secondary 
and  tertiary  alcohols  ?  And  what  bearing,  if  any,  has  this  property  of 
yielding  alcohols  of  different  kinds  upon  the  nature  and  origin  of  the 
iBomerism  manifested  by  the  paraffins  furnishing  them  respectiyely  ? 

Some  light  may  be  thrown  on  these  associated  questions,  by  con- 
sideriiig  the  course  of  oxidation  in  the  case  of  the  simplest  paraffin, 
namely,  marsh-gas.  Methane,  or  marsh-gas,  OH4,  like  the  other 
paraffins,  is  not  readily  susceptible  of  direct  oxidation ;  but  by  acting 
on  it  with  chlorine  under  suitable  conditions,  there  is  produced  the 
chloro-derivatiye  GH3CI,  which,  decomposed  by  caustic  alkali  EHO, 
yields  wood-spirit  or  methyl  alcohol  CH4O,  together  with  potassium 
chloride  KGl.  The  first  stage  of  the  oxidation  being  thus  effected, 
the  remaining  stages  are  easy.  By  exposure  of  the  alcohol  to  a  current 
of  heated  air  it  is  conyerted  into  formic  aldehyd  OHjO ;  this  aldehyd, 
hy  fiorther  absorption  of  oxygen,  yields  formic  add  CH^O,;  and 
thiB  last  is  conyerted  by  eyen  the  feeblest  oxygenants  into  carbon 
dioxide  OO3. 

In  the  successiye  formation  then  of  these  seyeral  products,  the  first 
stafie  consists  in  an  addition  of  oxygen  O,  the  second  in  an  abstraction 
dT  hydrogen  H,,  the  third  in  a  further  addition  of  oxygen  O,  and  the 
fourth  in  a  further  abstraction  of  hydrogen  Hj.  There  is  not  a  oon- 
tinaously  successiye  addition  of  oxygen,  or  remoyal  of  hydrogen,  but 
a  soccession  of  one  and  the  other  action  alternately.  Now  among 
paraffins  in  general  the  stages  of  oxidation,  so  far  as  they  extend, 
are  the  same  as  in  marsh-gas.  Thus  in  the  case  of  primary  com- 
pounds there  occur  the  three  stages  of  plus  oxygen,  minus  hydrogen, 
and  then  plus  oxygen  again ;  in  the  case  of  secondary  compounds 
there  occur  the  two  stages  of  plus  oxygen  and  then  minus  hydrogen ; 
while  in  the  case  of  tertiary  compounds  there  is  the  one  stage  of  plus 
oxygen  only,  as  set  forth  in  the  upper  part  of  the  following  table. 
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TABLE  n. 


Methyl. 

Ethyl. 

Propyl* 

BnlyL* 

Chloride 

CH.Cl 

C,H,C1 

0,H,C1 

oAa 

Paraffin 

OH, 

0,H. 

C.H, 

C,H,. 

Alcohol 

+  0 

CH,0 

CAO 

C,H,0 

^^S&^ 

Aldehyd 

-H, 

CH,0 

O.H,0 

CAO 

Ketone 

Acid 

+  0 

CH,0, 

\^!?' 

Garboxide 

-H, 

CX), 

Paraffin 

OH, 

XCH, 

YCH, 

ZCH 

Alcohol 

+  0 

CH,(HO)' 

XCH,(HOy 

YCH(HOy 

zc(Hoy 

Aldehyd 

-H. 

0H,0" 

XCHO" 

YCO" 

Acid 

+  0 

OH(HO)'0" 

XC(HO)'0" 

Garboxide 

-H. 

CO," 

It  is  obserrable  that  in  the  case  of  marsh-gas,  there  are  four 
proportions  of  hydrogen  and  four  stages  of  oxidation  to  be  dealt  with ; 
and  this  association  of  four  stages  of  oxidation  with  four  proportions 
of  hydrogen  becomes  more  snggestiye  when  it  is  fonnd,  on  further 
study,  that  the  four  stages  of  oxidation,  though  on  the  face  of  them 
alternate,  are  in  reality  successive,  and  consist,  not  indeed  in  four 
successive  additions  of  oxygen,  but  in  four  successive  substitutions 
of  oxygen  for  the  four  proportions  of  hydrogen  in  marsh-gas, — in  a 
replacement,  that  is  to  say,  of  the  first  proportion  of  hydrogen  by 
a  proportion  of  oxygen  half  saturated  with  hydrogen  (HO)',  uien  in 
a  replacement  of  two  proportions  of  hydrogen  by  one  proportion  of 
unsaturated  or  diad  oxygen  0",  then  in  a  replacement  of  three  pro- 
portions of  hydrogen  by  one  proportion  of  half-saturated  oxygen 
(HO)'  and  one  proportion  of  diad  oxygen  0",  jointly — and  lastly  in 
a  replacement  of  four  proportions  of  hydrogen  by  two  proportions  of 
diad  oxygen  0"  +  0",  jointly. 

Now  what  has  been  established  with  regard  to  the  nature  of  the 
successive  stages  of  marsh- gas  oxidation  has  also  been  established 
with  regard  to  the  successive  stages,  so  £ftr  as  they  proceed,  of  paraffin 
oxidation  in  general.  In  the  indirect  oxidation  then  of  a  paraffin 
into  its  alcohol,  whether  primary,  secondary,  or  tertiary,  there  is  an 
actual  substitution  effected  for  one  proportion  of  hjirogea  in  the 
paraffin.  In  the  further  direct  oxidation  of  the  primary  and  secondary 
alcohol  into  aldehyd  and  ketone  respectively,  there  is  an  actuid 
substitution  effected  for  two  proportions  of  hydrogen  in  the  paraffin ; 
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and  in  the  farther  direct  oxidation  of  the  aldehyd  into  its  add,  there 
is  an  actual  subetitution  effected  for  three  proportions  of  hydrogen 
in  the  paraffin.  But  why,  in  the  case  of  marsh-gas,  there  should  be 
four  successiye  substitutions  of  its  four  proportions  of  hydrogen, 
while  in  the  case  of  other  paraffins  with  six,  eight,  ten,  twelve,  and 
more  proportions  of  hydrogen,  the  series  of  substitutions  should  be 
limited  to  three,  two,  and  even  one  proportion  of  hydrogen,  still 
remains  to  be  accounted  for. 

Let  it  be  imagined,  howeyer,  that  in  some  particular  paraffin  there 
exists  the  grouping  OH  as  a  distinct  constituent  of  the  paraffin,  and 
further  that,  by  the  action  of  chlorine,  it  is  the  hydrogen  of  this  par- 
ticular grouping  that  is  replaced  so  as  to  form  the  derived  grouping 
CCl.  Let  it  be  imagined  that,  in  another  case,  there  exists  the  group- 
ing OH^,  and  that,  by  the  action  of  chlorine,  it  is  the  hydrogen  of  this 
grouping  that  is  repbM^,  so  as  to  form  the  derived  grouping  CHGl ; 
and  lasUy,  let  it  be  imagined  that,  in  another  case,  there  exists  the 
grouping  OH3,  and  that,  in  the  action  of  chlorine,  it  is  the  hydrogen 
of  this  grouping  that  is  replaced,  so  as  to  form  the  derived  grouping 
OH^Ol,— on  the  substitution,  in  these  several  derived  groupings,  of  their 
chlorine  by  half-saturated  oxygen,  there  will  result  the  oxidized  group- 
ings C(HO),  OH(HO),  and  OH^  (HO) ;  and  since,  in  the  paraffins,  direct 
oxidation  does  not  occur  save  where  indirect  oxidation  has  initiated, 
it  is  intelligible  that  in  the  case  of  the  grouping  OH,  the  oxidation 
or  substitution  should  cease  at  the  indirect  or  alcoholic  stage  0(H0) ; 
while  in  the  case  of  the  group  OH2,  there  should  be  first  the  indirect 
or  alcoholic  stage  OH  (HO),  and  then  the  direct  or  ketonic  stage  00" ; 
while  in  the  case  of  the  group  OH3,  there  should  be  first  the  indirect 
or  alcoholic  stage  OH,  (HO)^  and  then  the  direct  aldehydic  and  acid 
stages,  OHO"  and  0(H0)'0",  in  succession — as  set  forth  in  the  lower 
part  of  the  preceding  table. 

VIIL  Synthesis  of  Pabaffuts. 

It  remains  to  be  considered  whether  or  not  the  several  dif- 
ferently oxidizable  paraffins  are  actually  constituted  of  the  group- 
ings OHj,  OH2,  and  OH3.  This  is  a  question  to  be  decided  more 
particularly  by  a  study  of  their  modes  of  formation — not  indeed  as 
conducted  on  a  large  scale  in  the  process  of  destructive  distillation, 
but  as  effected  by  definite  synthetic  reactions  taken  part  in,  as  will 
appear,  by  certain  halogen  derivatives  of  the  paraffins.  Now  it  is 
wcdl  known  that  hydrogen,  though  in  most  of  its  chemical  rela- 
tions a  somewhat  inactive  element,  is  not  inactive  in  respect  to 
chlorine  and  the  halogens.  Accordingly,  when  a  paraffin  such  as 
ethane  OjHg,  is  acted  upon  by  chlorine,  the  chlorine  takes  away 
hydrogen  from  the  parafi&n  to  produce  hydrochloric  acid ;  and  con- 
versely, when  nascent  hydrogen  acts  on  a  chloro-paraf&n  such  as 
chlorethane  O3H5OI,  the  hydrogen  takes  away  chlorine  from  the 
chloro-paraffin  to  form  hydrochloric  acid  —  the  two  abstractions  of 
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hydrogen  and  chlorine  respeotiyely  being  alike  attended  by  a  sub- 
stitution of  the  other  element  for  the  one  taken  away,  as  already 
illustrated. 

Unlike  hydrogen,  however,  chlorine  and  the  halogens  are  pos- 
sessed of  a  very  general  activity  ;  and  accordingly,  when  substituted 
directly  or  indirectly  for  the  hydrogen  of  a  paraffin,  are  capable  of 
being  removed,  not  only  by  hydrogen  but  by  many  of  the  metals. 
But  while  under  certain  conditions,  so  far  at  least  as  the  final  result 
is  concerned,  the  metal  behaves  like  hydrogen,  abstracting  the 
halogen  and  taking  its  place,  under  other  conditions  it  effects  a 
mere  removal  of  the  halogen,  this  removal  being  attended  however 
by  a  phenomenon  of  a  very  remarkable  kind — namely,  the  formation 
of  a  new  and  more  complex  paraffin,  by  the  combination  of  two 
hydrocarbon  residues  with  each  other.  Thus  when  iodethane  O2H5I 
is  acted  on  by  mercury  under  the  influence  of  sunlight,  there  is  pro> 
duced  not  the  residue  or  radical  C2H5,  but  instead  the  paraffin, 
butane,  04H,o.  Similarly  when  iodomethane  CH3I  is  acted  on  by 
sodium,  there  is  produced  not  the  radical  GH3,  but  instead  the 
parafSn,  ethane,  C^B.^  >  while  when  a  mixture  of  iodethane  C2H5I, 
and  iodomethane  GH3I,  is  acted  upon  by  sodium,  there  is  produced 
not  a  mixture  of  the  two  radicals  C^Hg  and  OH3 ,  but  instead  the 
paraffin,  propane,  C3Hg,  and  so  in  other  cases. 

Arguing  then  from  its  above  mode  of  formation,  ethane  is 
H3O.CH3  ;  iodethane  is  consequently  IH2O.GH3 ,  or  H3C.OH2I ;  and 
propane,  resulting  as  it  does  from  the  reaction  between  iodethane 
IH2O.OH3  and  iodomethane  OH3I,  is  H2C.CH3,GH3.  Or,  so  far  as 
regards  their  above  mode  of  formation,  both  ethane  and  propane  are 
really  oonstituted  in  part  by  a  grouping  GH3  ;  and,  through  tiie  inter- 
vention of  a  ohloro^erivative  of  tMs  grouping,  GH^Gl,  should  yield 
each  of  them  the  three  successive  oxidation  products,  namely,  alcohol, 
aldehyd,  and  acid,—  with  the  formation  of  which  last  product  the  stages 
of  oxidation  should  (save  by  an  initiatory  substitution  of  some  further 
hydrogen  by  halogen)  come  to  an  end,  in  each  instance,  as  is  actually 
ihe&ot. 

But  while  ethane  is  constituted  solely  of  the  group  GH3  or  H3C, 
twice  repeated,  propane  is  constituted  in  part  of  a  grouping  HjG  or 
GH,;  and  through  the  intervention  of  a  chloro^erivative  of  this 
grouping,  GIHC,  should  yield  the  series  of  only  two  successive  oxida* 
tion  products,  namely,  pseudo-aloohol  and  ketone.  What  the  fact  is, 
has  been  already  stated,  namely,  that  while  ethane  furnishes  only 
one  monochloroHcLerivative^this  monochloride,  howsoever  produced, 
corresponding  to  an  alcohol,  oxidisable  into  an  aldehyd  and  add 
successively — propane  is  capable  of  furnishing  two  distinct  mono« 
chlorides,  O4H.7GI  and  G^H^^Gl,  distinguishable  from  one  another  by 
the  difforence  in  their  boiling  points ;  and  of  these  two  chloropro- 
panes,  the  one  of  highest  boiling  corresponds  to  an  alcohol  oxidizable 
into  an  aldehyd  and  acid  successively,  while  the  one  of  lowest  boiling 
point  corresponds  to  a  pseudo-alcohol  oxidizable  into  a  ketone  only. 
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But  not  from  the  above  oonsiderations  only  may  the  chloride  of 
higher  boiling  point  be  inferred  to  contain  the  grouping  GHjCl,  aud 
that  of  lower  boiling  point,  the  grouping  CHOI  or  GIHO ;  for  the 
chloride  of  higher  boiling  point  is  actually  producible  by  the  intro- 
duction and  subsequent  metamorphosia  of  the  group  ON'",  while  the 
chloride  of  lower  boiling  point  is  similarly  producible  by  the  intro- 
duction and  metamorphosis  of  the  group  CO",  the  single  proportion 
of  nitrogen  being  representative  of  three,  and  the  single  proportion 
of  oxygen  being  representative  of  two  proportions  of  halogen  or 
hydrogen,  as  is  well  known.  These  relationships  are  illustrated  in 
the  foUowing  formukB : 

HjC.CH^OH,  Propane.  H,O.CH„CH,  Propane. 

CIHC.CH^CH,  Chloropropane.*  H,C.CH,C1,CH,  Ohloropropane. 

(HO)HC.OH„CH,  Propyl-psendoL  H,C.CH,(OH)',CH,  Propyl-aloohoL 

(rO.CH„CH,  Acetone.  H,C.ON'",OH,  Propionitril*. 

The  reaction  between  iodomethane  and  iodethane,  with  abstrac- 
tion of  their  iodine  by  metal,  resulting  in  the  formation  of  propane 
H2C.0H3,CH3,  the  similar  reaction  between  iodomethane  OH3I  and 
each  of  the  two  iodopropanes,  HaO.OHaljOHg  and  IHC.0H3,0H3 , 
should  famish  the  two  butanes  H30.0H2.CH3,0H3  and  HO.CH3, 
CHsfOHj ;  each  of  them  constituted  in  part  by  a  grouping  GH3  ,  and 
capable  (k  furnishing  a  distinct  primary  alcohol  further  oxidizable 
into  aldehyd  and  acid ;  the  former  of  them  also  constituted  in  part 
of  the  grouping  H^Q,  and  capable  of  furnishing  also  a  pseudo-alcohol 
oxidizable  into  a  ketone  only ;  the  latter  of  tibem  not  constituted  at 
all  of  the  grouping  H2O,  or  capable  of  furnishing  a  pseudo-alcohol 
oxidizable  into  a  ketone,  but  constituted  in  part  of  the  grouping  HO, 
and  capable  of  fumishbig  a  tertiary  alcohol  oxidizable  only  into 
simpler  carbon  products, — results  which  have  in  each  case  been 
satisfEu^torily  established  by  experiment. 

As  with  propane,  so  with  butane,  save  that  not  merely  two  but 
even  four  isomeric  iodobutanes  are  Imown,  expressible  by  the  follow- 
ing formulfe : 

Batane. 

10    H.C.OH,CH.I,OH.  1  H,C.CH..CH.,CH.. 


S°    HC.CH,I,OH„CH, 
4<>    IC.CH„CH»OH, 


laobntane. 
fifom      HC.CH„CH„CH,. 


Accordingly,  from  the  reaction  between  the  first  of  these  and  iodo- 
methane OH3I,  there  should  result  normal  pentane  H^O.OHj.OH^. 
CH3,0H3 ;  from  the  reaction  between  either  the  second  or  ^ird  iodo- 
butane  and  iodomethane  should  result  one  and  the  same  isopentane 
HC.0H^CH3,0H3,0H3 ;  while  from  the  reaction  between  the  fourth 
iodobutane  and  iodomethane  should  result  neopeatane  0.0H3,CH3, 

H  2 
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OR^CH^;  all  theie,  or  eqiuTalent  reaoftioiiB  liaTing  been  actually 
reaHzed  with  the  above  results.  And  isopentane  being  thns  con* 
fltitnted  in  part  of  the  group  HC,  in  part  of  the  group  H^O,  and  in 
part  of  the  group  H3O  or  CH3,  is  accordingly  found  to  yield  a 
tertiary  alcohol  inozi£zable  save  wiih  disruption,  a  pseudo-alcohol 
ozidizable  into  a  ketone,  and  a  primary  alcohol  oxidizable  iuto  an 
aldehyd  and  acid  successiyely.  The  scheme  of  the  synthetic  formar- 
tion  of  ethane,  propane,  the  two  butanes,  and  three  pentanes,  is  shown 
on  the  concluding  table ;  wherein  the  combinations  with  one  another 
of  the  different  groupings  taking  part  in  the  successiye  reactions  are 
indicated  by  the  lateral  contiguity  of  their  respective  symbols. 

TABLE  m. 


IH,0  +  OHJ  -  I,  =  H,C.CH, 


IH,O.CH,    _T_H.O/OH« 


J^dopropan*    5.o{^  +  CHJ  -  I.   =  H.c{gf 'CH* 

Psntmei, 
IcdoMan,      B,o{^^-^^  +  CH^  -  I.  =  H.o{gH-OH,OH. 


lodopropaoe.*'  IiolNitaiie, 

=c{8i;  -i.=Hoj8i: 

+  CIH^  |CH, 


JctMmttm*    HO' 


(OH.I 
OH, 
OH, 


/Mpentafie. 
rCH,.CH, 
+  CH,I-  I,  =1  HC{CH, 
ICH, 


lodlsolmtaiie." 


(OH, 
HOH.    -  ^  - 


+  OH,I 


Neopentane, 

CH, 
OH, 
GH, 
ICH, 


[W-0.] 
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OENEBAL  MOKTHLlr  M£E1?IN0, 

Monday,  March  6, 1876.    , 

WiLUAM  Polk,  Esq.  F.B.S.  Vice-President,  in  the  Chair. 

8ir  Tliomae  Neville  Abdj,  Bart 

Andrew  Olark,  M.D. 

Miss  Annie  Frances  Oole, 

Theodore  Duka,  M.D. 

Mrs.  Franklandi, 

Sir  John  Hawkshaw,  F.B.S.  F.0.8. 

William  Huggins,  Elisq.  D.O.L.  F.B.S. 

Edward  Ind,  Esq. 

Francis  Henry  Laking,  M.D. 

Henry  Maudsley,  M.D. 

Charles  Packe,  Esq.  F.L.S. 

Miss  Sarah  Catherine  Prothero, 

Evan  Morgan  Protheroe,  Esq. 

George  Thomas  Bobinson,  Esq. 

Miss  Sarah  Frances  Spedding, 

Henry  Tates  Thompson,  Esq. 

Samuel  King  Wilson,  Esq. 

Arthur  Bethune  Woodd,  Esq. 

weie  eUded  Members  of  the  Boyal  Institution. 

The  Pbbsemts  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  were  returned  for  the  same,  viz.: 

raox 
Awmican  Academy  of  Art$  and  Selmos*— Complete  Works  of  Ooimt  Bmnfozd, 

Vol.  IV.    8to.    1875. 
AmM^  Thai,  J.  Em,  (the  JSdffor)— The  Conflpiiacy  and  Protection  of  Property 

Act,  1875;  and  the  Employers  and  Workmen  Act,  1875 ;  with  the  Bnles,  Ac. 

8vo.    1876. 
BiAop,  P.  /.  E9q*  {fhn  A^dSkoTy^thib  Ohanael  Railway :  Tube  or  TnmieL  (K 101) 

8to.     1876. 
Bomftoy  Brandi  of  Boual  Aiiatie  Soeisty-^Jowmal^  Vol.  XI.    8to^    1875. 
Cemmoddj  H,  Etq.  (the  ^tiiftor)— M^oaniqne  de  TEohange.    8to.    Paris,  1865. 
IJUmnaie  Bi-m^talliqae.    8to.    Paris,  1876. 
Bimetallic  Money.    8to.    1876. 

L'Extr^me  Orient    [M.  Gemosehfs  Oolkotion  of  Japanese  Art]    8to.    1874. 
CUnieal  iSbetfe<y— Transactions,  Vols.  VII.  and  VIII.    8yo.    1874ri. 
ComUaio  QtUogieo  d'/ioIiii^Bollettini,  1875,  Nos.  9, 10.    8yo. 
DhWii  iSo0»e^,  Boyal— Journal,  No.  44.    8to.    1875. 
Vw^  jr.  TTb^bdofv  (fht  ifuttor)— Voyage  en  Asie.    12mo.    Paris,  1874. 
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JS(iitor«— American  Journal  of  Science  for  Feb.,  1876.    8to. 
Atbenffium  for  Feb.,  1876.    4to. 
Chemical  News  for  Feb.,  1876.    4to. 
Electrical  News  for  Feb.,  1876. 
Engineer  for  Feb.,  1876.    fol. 
Journal  for  Applied  Science  for  Feb.,  1876.    fol. 
Nature  for  Feb.,  1876.    4to. 
Pharmaceutical  Journal  for  Feb.,  1876.    8yo. 
Telegraph  Journal  for  Feb.,  1876.    8vo. 
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WEEKLY  EVENING  MEETING, 

Friday,  Marob  10,  1876. 

Okobob  Bitbk,  Esq.  F.B.S»  Treasnrer  and  Yice-PresideDt, 
in  the  Ohair. 

Pbofbssoe  William  Henbt  Floweb,  F.B.S. 
T%e  Ihctinct  Animals  of  North  America, 

Fbw  branchee  of  knowledge  have  receiyed  greater  aocessions  during 
the  last  few  years  than  that  of  the  past  history  of  the  living  creatures 
which  have  peopled  the  earth. 

I  propose  tlus  evening  to  call  your  attention  to  some  of  the  results 
that  have  been  achieved,  mostly  within  the  last  four  or  five  years,  by 
a  small  but  energetic  band  of  explorers  upon  a  limited  part  of  the 
earth's  surface;  results  the  greatness  of  which  already  is  only 
equalled  by  the  promise  they  give  of  future  still  more  important 
extensions  of  knowledge. 

It  is  mainly  through  the  agency  of  the  admirably  conducted 
geological  and  geographical  surveys  of  the  Western  Territories,  made 
by  the  United  States  Government,  under  the  direction  of  Dr.  F.  V. 
Hayden,  that  the  subjects  to  which  I  shall  refer  have  been  brought 
to  light;  surveys  which  are  giving  to  the  world,  in  an  excellent 
series  of  publications,  rich  funds  of  information  upon  the  physical 
geography,  mineralogy,  geology,  palsBontology,  zoology,  and  botany  of 
that  hitherto  little  known  but  most  remarkable  region  of  the  earth 
embracing  and  bordering  the  great  range  of  the  Bocky  Mountains. 
For  the  special  knowledge  which  we  in  England  possess  of  the  vertex 
brate  fossils  which  have  been  discovered  by  these  surveys,  we  are 
greatly  indebted  to  the  excellent  descriptions  of  Professor  Joseph 
Leidy  of  Philadelphia,  who  in  two  large  and  beautifully  illustrated 
volumes*  has  given  the  results  of  his  investigations  upon  them* 
More  recently  two  other  naturalists.  Professor  E.  D.  Cope  of  Phila* 
delphia,  and  Professor  0.  0.  Marsh  of  Tale  Oollege,  have  taken  the 
subject  in  hand,  both  as  explorers  and  describers.t 

*  **  Extinct  Mammalian  Fauna  of  Dakota  and  Kebraska,  with  a  Synopsis  of 
the  Mammalian  Bemains  of  North  America,"  '  Jonm.  Acad.  Nat.  Science/  Phila- 
delphia, 1869;  and  "Contributions  to  the  Extinct  Vertebrate  Fauna  of  the 
Western  Territories,"  *  Report  of  the  U.  S.  Geological  Survey  of  the  Territories,' 
Washington,  1873. 

t  I  am  glad  to  take  the  opportunity  of  thanking  Professors  Hayden,  Leidy, 
Masih,  and  Cope,  for  their  Idndness  in  sending  me  copies  of  all  their  numerous 
memoirs  bearing  upon  the  subject  of  this  discourse. 
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It  must  be  premised  that  the  material  has  come  to  hand  so  rapidly 
during  the  List  three  or  four  years  that  most  of  the  information  whidii 
has  hitherto  been  given  to  the  world,  especially  by  the  two  last-named 
palsBontologists,  is  in  a  very  provisiomd  and  fragmentary  state,  and 
that  nntil  the  flood  of  new  discovery  begins  to  ebb,  and  the  few 
labourers  in  this  plentiful  harvest-field  have  leisure  to  prepare  careful, 
elaborate,  and,  above  all,  well-illastrated  descriptions  of  the  speci- 
mens, we  shall  remain  in  much  uncertainty  about  the  real  nature  and 
relations  of  many  of  the  animals  of  that  strange  old  fauna,  which  at 
present  are  to  us  little  more  than  names. 

1  must  presume  that  you  are  all  funiliar  with  the  main  epochs 
of  time  into  which  geologists  have  divided  the  earth's  history. 
For  the  present  purpose  we  shall  only  have  to  refer  to  the  latest  of 
these,  the  Tertiary,  representing  how  many  millions  of  years  we 
cannot  say,  and  which,  for  convenience,  is  generally  subdivided  into 
four  sub-epocHs,  the  Eocene,  the  Miocene,  the  Pliocene,  and  the  Pleis- 
tocene, the  end  of  which  brings  us  to  the  period  in  which  we  now 
dwell.  Of  course  it  is  not  implied  by  this  division  that  there  was 
any  sudden  break  or  interruption  of  the  steady  course  of  the  world's 
progress  between  these  periods.  They  are  merely  artificial  and  arbi- 
trary, though  convenient  stages,  and  pass  insensibly  one  into  the 
other ;  but  without  the  use  of  some  suc3i  terms  we  could  not  fix  the 
epoch  of  any  particular  event  or  set  of  events.  In  geology  we  know 
nothing  of  centuries.  We  have  no  kings'  reigns,  as  in  political 
history,  to  mark  the  course  of  time,  so  we  speak  of  "  Miocene  "  much 
in  the  same  vague  kind  of  sense  in  which  we  speak  of  the  *'  Middle 
Ages  "  in  our  chronology  of  the  historical  events  in  Europe. 

The  first  evidence  of  mammalian  remains  in  strata  of  Miocene 
age  in  Western  America  was  that  made  known  in  1846  by  Dr.  Hiram 
A.  Prout,  of  teeth  then  supposed  to  belong  to  a  gigantic  species  of 
PalcBoUierium^*  and  subsequently  described  by  Leidy  under  the  name 
of  Titanotherium.  This  was  the  commencement  of  that  interesting 
series  of  discoveries,  which  have  now  made  the  ^  Mauvaises  Torres," 
or  ^ Bad  Lands"  of  the  White  Biver  of  Dacota,  classical  ground  to 
the  paliBontologist.  But  it  was  not  until  1869  that  the  older  beds  on 
the  western  side  of  the  Eocky  Mountains  were  explored,  and  the  more 
ancient  Eocene  land  fauna  of  North  America  brought  to  light.  In 
that  year  commenced  the  explorations  in  the  vicinity  of  Fort  Bridger, 
a  military  post  situated  in  the  south-west  comer  of  Wyoming 
Territory,  which  have  yielded  sudi  an  abundant  harvest,  and  the 
locality  of  which  is  thus  graphically  described  by  Professor  Leidy.| 

**  Fort  Bridger  occupies  a  situation  in  the  midst  of  a  wide  plain, 
at  the  base  of  the  Uintah  Mountains,  and  at  an  altitude  of  nearly 
seven  thousand  feet  above  the  ocean  level.  The  neighbouring  country, 
extending  from  the  Uintah  and  Wahsatch  Mountains  on  the  Bonih 

•  *  Am.  Joupn.  of  Science  and  Arts,'  1847,  p.  248. 

t  *  Extinct  Vertebrate  Fauna  of  the  Bridger  Tertiary  Formation  of  Wyoming 
Territory,'  1873. 


Digitized  by  VjOOQIC 


1876.]  on  ihe  Extinct  Animals  of  North  America.  105 

and  west  to  the  Wind  Riyer  Bange  on  the  north-east,  at  the  close  of  the 
Cretaoeons  epoch,  appears  to  have  been  occupied  by  a  vast  fresh-water 
lake.  Abnndanoe  of  evidence  is  fonnd  to  prove  Uiat  the  region  was 
then  inhabited  by  animals  as  numerous  and  varied  as  those  of  any 
other  fauna,  recent  or  extinct,  in  other  parts  of  the  world.  Then, 
too,  a  rich  tropical  vegetation  covered  the  country,  in  strange  contrast 
to  its  present  almost  lifeless  and  desert  condition. 

^  The  country  appears  to  have  undergone  slow  and  gradual  eleva- 
tion ;  and  the  great  Uintah  lake,  as  we  may  designate  it,  was  emptied, 
apparently  in  successive  portions,  and  after  long  intervals,  until 
finally  it  was  drained  to  the  bottom.  The  ancient  lake-deposits  now 
form  the  basis  of  the  country,  and  appear  as  extensive  plains,  which 
have  been  subjected  to  a  great  amount  of  erosion,  resulting  in  the 
production  of  deep  valleys  and  wide  basins,  traversed  by  Green 
Biver  and  its  tributaries,  which  have  their  sources  in  the  mountain 
boimdaries.  From  the  valley  of  the  Green  Biver  the  flat-topped  hills 
rise  in  succession,  as  a  series  of  broad  table-lands  or  terraces, 
extending  to  the  flanks  of  the  surrounding  mountains." 

**  The  fossils  which  form  the  subjects  of  our  communication  for 
the  most  part  were  derived  from  the  more  superficial  deposits  of  the 
great  Uintah  basin,  which  Professor  Hayden  has  distinguished  as  the 
Bridger  group  of  beds.  These  compose  the  terraces  or  table-lands  in 
the  neighbourhood  of  Fort  Bridger,  and  consist  of  nearly  horizontal 
strata  of  variously  coloured  indurated  clays  and  sandstones.  As  the 
beds  wear,  through  atmospheric  agencies,  on  the  naked  declivities  of 
the  flat-topped  hills,  the  fossils  become  exposed  to  view,  and  tumble 
down  to  the  base  of  the  hills  among  the  crumbling  d^ms  of  the 
beds.'' 

The  immense  length  of  time  that  this  ancient  lake  existed  may  be 
inferred  from  the  fact  that  the  mud  or  sand  deposited  in  it  has 
accumulated  to  more  than  a  mile  of  vertical  thickness. 

It  is  from  this  and  from  neighbouring  localities  systematically 
explored  only  during  the  last  four  or  five  years,  both  by  the  Govern- 
ment surveys  and  by  expeditions  organized  for  the  purpose  from 
Tale  College,  that  most  of  the  remarkable  animals  attributed  to  tiie 
Eocene  epoch  have  been  obtained ;  although  still  more  recently  fos- 
siliferous  beds  of  the  same  age  have  been  discovered  both  in  Colorado 
and  New  Mexico,  so  rich  as  to  give  hopes  that  we  are  still  only  on 
the  threshold  of  our  knowledge  of  the  wonderful  fauna  of  the  ancient 
American  continent.  Besides  the  extensive  and  older  known  Miocene 
and  Pliocene  beds  between  the  Bocky  Mountains  and  the  Missouri, 
others  of  corresponding  age  have  been  discovered  west  of  the  Blue 
Mountains  in  Eastern  Oregon. 

I  must  now  pass  in  successive  review  some  of  the  principal  groups 
into  which  animals  have  been  divided  by  naturalists,  and  show  what 
is  known  of  their  past  history  on  the  great  North  American  continent. 
I  am  aware  that  the  summary  I  am  about  to  give  will  be  exceedingly 
imperfect,  partly  on  account  of  the  limited  time  allowed  in  one 
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disooorse,  and  partly  on  account  of  the  difficulty  of  extracting  a 
connected  account  of  these  discoveries  from  the  exceedingly  numerous 
notices  in  which  they  are  described— often  fragmentary  and  dis- 
connected, and  even  contradictory,  and  scattered  through  a  variety 
of  periodicals  and  reports.  As  most  of  these  descriptions  are  put 
fortii  by  their  authors  as  '<  preliminary,"  to  be  superseded  by  more 
elaborate  and  detailed  work  hereafter,  so  must  this  notice  of  them  be 
regarded.  It  will  at  least  serve  the  purpose  of  calling  attention  to 
the  importance  and  interest  of  this  comparatiyely  new  field  of  re- 
search. 

The  first  group  to  which  I  will  direct  your  attention,  as  it  is  that 
of  the  ancient  history  of  which  we  have  more  complete  knowledge 
than  of  any  other,  is  the  large  order  of  Ungulata,  or  hoofed  animals ; 
and  first  among  them  I  will  consider  those  characterized,  among  many 
other  distinctive  peculiarities,  by  the  uneven  or  perissodaetyle  structure 
of  the  foot,*  represented  in  the  actual  fauna  of  the  world  only  by 
the  three  families  of  Horses,  Tapirs,  and  Bhinoceroses — animaLs 
differing  very  considerably  from  each  other  in  general  outward 
appearance,  and  yet  having  many  important  common  characteristics. 

It  is  well  known  that  in  the  Old  World,  species  of  this  group,  very 
intermediate  in  characters  to  those  now  existing,  flourished  in  the 
Eocene  age.  Cuvier's  grand  researches  in  the  Paris  gypsum  beds, 
which  laid  the  foundation  of  the  study  of  mammalian  palieontology,  re* 
constructed  the  form,  now  almost  as  well  known  as  that  of  the  existing 
tapir,  of  the  Palceotherium^  and  numerous  allied  species  have  since 
been  found,  not  only  in  France,  Switzerland,  and  Germany,  but  in 
the  corresponding  beds  in  our  own  country.  But  in  America,  before 
1869,  not  a  single  Eocene  Perissodactyle  had  been  discovered.  In 
fact,  as  just  mentioned,  no  Eocene  beds  containing  the  remains  of 
terrestrial  animals  had  been  explored.  Since  that  date,  however,  it 
has  been  ascertained  that  the  region  in  which  the  stupendous  moun- 
tain ranges  of  western  North  America  have  since  been  elevated  were 
tenanted  by  animals  of  similar  form  and  characters,  and  quite  as 
yaried  in  species  and  as  numerous  in  individuals  as  those  which  at  a 
corresponding  period  of  time  ranged  through  the  marshes  and  forests 
of  the  Paris  and  London  basins. 

None  of  these  appear  to  be  identical  specifically  with  the  European 
forms,  and  even  the  generic  indications,  being  often  founded  on  very 
limited  portions  of  the  organization  only,  as  a  few  teeth,  must  be 
regarded  as  provisional.  lIQtny  were  undoubtedly  quite  distinct  from 
any  which  we  know  from  the  Eastern  world.  It  would  be  useless  here 
to  giye  a  catalogue  of  the  generic  and  specific  names  which  have  been 
given  to  the  animals  of  this  group  already  discoyered.  A  brief  mention 
of  the  most  important  and  interesting  will  suffice.  The  two  best 
known  genera  are  those  named  by  Leidy  Eyrachyus  and  Paksoayops ; 

*  The  parts  of  the  foot  arranged  symmetrically  on  each  side  of  a  line  drawn 
through  the  centre  of  the  middle  or  third  toe. 
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the  former  is  allied  to  the  Lopliiodons  and  Tapirs,*  the  latter  to  the 
Pakeotheriums.  They  both  embrace  animalfl  in  tdze  varying  from  that 
of  a  small  rhinoceros,  down  to  a  peccary.  The  nmnerous  modifica- 
tions and  combinations  of  characters  found  in  forms  apparently  allied 
to  them,  which  are  little  known  to  ns  at  present  except  by  the  names 
given  to  them  by  their  discoverers,  will  doubtless  afford  for  a  long  time 
to  come  materials  for  the  minutest  scrutiny.  Some  appear  to  be  allied 
to  the  European  Lophiodon  and  Hyracoiherium,  one  of  which,  OrohippuSy 
Marsh,  seems  to  connect  these  forms  through  Miohijffpua  and  Mesohippua 
with  the  horse-like  Anchitheriumf  and  thus  fill  a  link  wanting  in 
European  formations  in  the  pedigree  of  the  Equine  family.  This 
an^"^«^l,  like  so  many  other  of  the  Eocene  Perissodactyles,  resembles  the 
modem  tapirs  in  retaining  the  fifth  digit  on  the  fore  foot,  though,  as 
in  all  known  members  of  &e  group,  the  first  was  wanting,  and  both  first 
and  filth  were  wanting  to  the  hind  foot.  Several  species  are  described, 
bat  none  larger  than  a  common  fox.  One  form  only,  Diceraiheriwn^ 
Marsh,  is  rhmocerotio.  It  is  found  in  the  up»permo8t  Eocene  strata  of 
Utah,  and  gives  the  earliest  indication  of  this  group  yet  known.  It 
seems,  according  to  Marsh,  to  be  connected  with  the  lower  Eocene 
HtfrackyuB  on  the  one  hand,  and  the  Miocene  Hyracodon  on  the  other. 

In  the  Miocene  period  in  North  America  the  Perissodactyles 
attained  a  great  development  of  form,  variety,  and  size,  the  groups 
became  more  distinctly  separated  from  each  oiher,  and  some  of  them 
possessed  remarkably  specialized  characters.  True  Tapirs  have  not 
yet  been  met  with  in  this  period,  which  is  rather  remarkable,  taken 
in  conjunction  with  the  present  geographical  distribution  of  that 
group.  The  Palieotheroid  and  Lophiodont  forms  had  nearly,  if  not 
quite,  died  out,  but  the  more  horse-like  Mesohippus,  Miohippua,  and 
Anehkheriwn  were  abundant,  and  appear  to  continue  the  line  from  the 
Eocene  Orohippua  to  the  true  horses  of  the  Pliocene  period. 

Bhinocerotic  forms  now  became  ascendent,  being  represented  by 
Dieeraikeriumj  Marsh,  differing  from  all  existing  animals  of  the  group, 
by  having  a  pair  of  horns  placed  side  by  side  on  the  nasal  bones ;  | 
and  a  very  interesting  genus,  Hyrcicodonf  Leidy,  an  animal  with  mohur 
teeth  and  many  other  of  the  characters  of  rhinoceros,  but  having 
no  nasal  horn,  and  having  a  oomplete  set  of  incisor  and  canine  teeth, 
as  in  all  the  older  Perissodactyles,  which  are  lost  in  the  more  modem 
Bhinooeros.  It  is  therefore  quite  a  connecting  link  between  the 
Pal»otiieroid  ATiitwulft  of  the  Eocene,  and  the  true  rhinoceros  of  the 
Pliocene,  and  occupies  exactly  the  right  geological  horizon  that  such 


*  The  teeth  resemble  those  of  Lophiodon  and  Hyracoiherium,  but  the  last  lower 
molar  has  a  bilobate  crown,  as  in  Tapirs.  The  skeleton  is  very  like  that  of  the 
Tapirs.  See  Cope,  ''On  the  Osteology  of  the  Extinct  Tapiroid  Ilyrachyus,** 
•  Proc.  Amer.  Philos.  Soo.,'  April  18, 1873. 

t  A  small  European  Miocene  Bhinooeros  (i?.  minuius,  Cut.,  H.  pleuroceros, 
Dayemoy)  baa  a  pair  of  picmineQces  placed  laterally  on  the  nasal  bones,  which 
may  have  supported  horns. 
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a  form  ought  to  do  if  the  one  has  heen  genetioally  deriyed  from  the 
other. 

Hyracodon  therefore  has  a  high  place  of  interest  among  many 
of  siinilar  nature  which  have  been  revealed  by  oar  newly  acquired 
knowledge  of  the  ancient  American  fauna.  If,  however,  as  is  stated, 
the  fifth  digit  of  the  fore  foot  is  only  rudimentary,  it  could  scarcely 
have  been,  as  remarked  by  Marsh,  on  the  direct  line  of  descent  ^m 
the  four-toed  Eocene  to  the  equally  four-toed  Miocene  rhinoceros, 
though  certainly  in  such  a  case  we  know  not  what  ought  to  be 
allowed  for  reversion. 

The  same  period  (generally  speaking)  also  produced  several 
species  of  a  more  perfect  rhinoceros,  still  hornless  however,  and  re- 
sembling the  contemporaneous  European  AcercUherium. 

But  the  most  remarkable  of  the  Miocene  Perissodactyles,  and  in 
some  respects  the  most  remarkable  of  all  the  animals  which  the 
recent  explorations  have  brought  to  light,  are  a  number  of  species  of 
gigantic  size,  to  the  first  known  of  which  Leidy  gave  the  name  of 
TUanoiherium,  and  of  which  other  forms  have  been  named  by  Marsh 
Brantoiheriumy  and  by  Cope  Symborodon,* 

They  must,  by  their  great  size  and  strength,  grotesque  appearance, 
and  general  mode  of  life,  have  taken  the  place  in  the  Miocene  times 
of  the  then  extinct  Uintatherium  of  the  Eocene,  and  were  in  their 
turn  replaced  by  the  Mastodons  and  Elephants  of  later  ages.  The 
rhinoceros  of  the  present  day  will  serve  to  give  the  best  general  idea 

*  The  first  indication  of  the  existeDoe  of  these  animals  is  tbot  mentioued 
above  of  the  supposed  PaUeotherium  teeth  from  the  Hauvaises  Terres  of  Bakote, 
described  bv  Dr.  Front  in  the  *  American  Journal  of  Science  and  Arts '  for  1847, 
p.  248,  and  afterwards  by  Leidy,  as  Titanotherwm  Prouti  C  Ancient  Fauna  of 
r^ebraska,'  1853).  More  complete  remains,  including  the  whole  upper  series  of 
molars,  were  described  by  the  same  zoologist  in  *  The  Extinct  Mammalian  Fauna 
of  Dakota  and  Nebraska,  1869.  Cope's  genus,  Symborodon  (1873),  is  differentiated 
from  Titanotherium  by  the  absence  of  lower  incisors,  a  character  which  Marsh 
says  is  "  eyidently  due  either  to  age  or  imperfect  specimens."  Marsh,  in  his 
description  of  Brontotheritim^  says,  "  The  only  other  genus  of  the  group  known 
with  certainty  is  Titanotherium  of  Leidy  (Menodusy  Pomel),  which,  according  to 
the  descriptions  of  that  author,  differed  essentially,  in  having  four  lower  premolars, 
and  in  the  absence  of  a  third  trochanter  on  the  femur.  Less  important  differences 
are  seen  in  the  composition  of  the  teeth  and  in  the  diastema  between  the  upper 
canine  and  first  premolar.'*  The  last-mentioned  character  is  certainly  not  one  upon 
which  it  is  necessary  to  found  a  generic  distinction  Tand  a  eenerio  distinction, 
unless  necessary,  is  in  my  opinion  something  always  to  oe  ayoided),  and  as  to  those 
considered  eesential,  it  seems  yery  doubtful  if  they  really  exist,  as  the  four  inferior 
premolars  of  Leidy's  specimen  were  not  present  but  only  'j  indicated  **  in  an  imper- 
fect fragment  (*  Extinct  Mammalia  of  Dakota  and  Nebra8]a^'  p.  212),  and  there  is 
no  evidenoe  that  the  portion  of  femur  described  without  a  third  trochanter  belonged 
to  the  same  animal.  It  is  surely  safiast  to  assume  identity  in  such  cases  until  the 
contrary  can  be  proved,  although  the  opposite  rule  seems  to  preyail  with  the 
eminent  and  industrious  American  palaeontologists  to  whose  labours  we  are 
indebted  for  all  our  knowledge  of  the  subjects  of  this  communication.  Pomel's 
name,  Menodus  (^  Bib.  Uniy.  de  Gen^ye,'  t.  x.,  1849X  has  the  priority  of  Titano- 
therium,  but  it  has  neyer  been  adopted,  being  too  closely  identical  with  the  still 
earlier  Menodon,  y.  Meyer,  to  be  admissible. 
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of  the  appeanmoe  of  these  creatures,  but  some  of  them  (for  thej 
seem  to  haye  been  nnmerous  both  in  species  and  individuals) 
approached  nearer  to  the  elephant  in  size  and  length  of  limb.     The 

numbers  of  their  teeth  are  thus  expressed :  incisors,  ^ ;  canines,  j ; 

4  '       3 

premolars,  ^ ;  molars,  ^ ;  total,  88.    The  incisors  were  yery  small, 
o  o 

and  sometimes  deciduous  in  the  lower  jaw;  the  canines  of  mode- 
rate size,  the  premolars  and  molars  more  like  those  of  PalcBolherium 
than  rhinoceros.  The  skull  in  its  general  characters  was  quite 
rhinocerotic,  but  the  nasal  bones  supported  a  pair  of  large,  laterally 
divergent,  rugged  prominences,  apparently  for  the  attachment  of 
hom&  The  Imibs  were  intermediate  in  proportions  between  those 
of  the  elephant  and  rhinoceros,  but,  as  in  the  latter,  the  femur  has  a 
third  trochanter,  and  a  deep  pit  for  the  round  ligament.  The  feet 
were  short  and  stout,  but  in  essential  characters  agree  with  the  true 
Perissodactjles,  and  have  four  toes  in  front  and  three  behind. 

Numerous  species  have  been  described,  both  by  Cope  and  Marsh, 
founded  chiefly  upon  the  form  and  direction  of  the  horn  cores  on  the 
nasal  bones :  they  are  all  from  the  Miocene  beds  east  of  the  Bocky 
Mountains,  in  DiJcota,  Nebraska,  Wyoming,  and  Colorado ;  and  there 
is  no  evidence  of  any  of  the  TitanotheridoBy  as  the  family  should  be  * 
called,  after  the  first-characterized  genus  of  the  group,  having  survived 
to  a  later  geological  epoch.* 

When  we  pass  to  ihe  Pliocene  and  Pleistocene  times,  the  Perisso- 
dactyles  met  with  can  all  be  referred  to  one  or  other  of  the  three 
existing  families;  all  the  intermediate  forms,  and  all  those  which 
have  attained  a  different  type  of  specialization,  as  those  last  named, 
have  completely  disappeared. 

Bemains  of  several  species  of  BhinoceratidiB  were  very  abundant 
during  the  Pliocene  period  in  western  North  America ;  they  all  appear 
to  belong  to  the  hornless  type,  and  from  causes  unknown  b^me 
entirely  extinct  before  the  Pleistocene  age.  No  rhinoceros  now 
exists  on  the  American  continent,  nor  is  there  evidence  that  it  ever 
supported  animals  belonging  to  the  minor  groups  of  the  family  to 
which  the  existing  Indian,  Sumatran  or  African  rhinoceros  pertain. 

During  this  period  an  immense  development  took  place  in  the 
various  forms  of  three-toed  horses,  Anchippus,  Protohippui,  ParahippuSy 
Hipparion,  &c.,  which  replaced  the  Anchtiherium  of  the  Miocene.  These 
in  Uieir  turn,  through  many  well-marked  gradational  forms  (a  full 
knowledge  of  which  is  among  the  many  interesting  results  of  these 

'  *  See  O.  0.  Hanh,  '*  On  the  Stractnre  and  Affimties  of  the  Brontotheridag," 
*  Amenoan  Journal  of  Soienoe  and  Arta,'  yot  vii.,  January  1874 ;  E.  D.  Cope,  in 
"  Annual  Report  of  the  United  States  Geological  and  Geographical  Snryey  of  the 
Texxitories,  embracing  Colorado,  for  the  year  1873,"  p.  480  et  seq.  Megacerops 
eoloraden$is  (Lddy, '  Pr.  Ac.  Nat.  So./  Phil.,  Jan.  1870)  waa  founded  on  detached 
natal  bones  of  a  member  of  thia  family. 
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explorations),  gaye  way  to  the  true  horses,  of  which  remains  of  seyeral 
species  have  been  found  in  Pleistocene  deposits,  scattered  throughout 
almost  everj  region  of  the  continent  from  Escholtz  Bay  in  the  north 
to  Patagonia  in  the  south.    These  also  became  entirely  extinct  before 


Fig.  1. 


Diagram  of  seyeral  stages  of  modification  of  tbe  feet  of  extinct  forms  of  American 
horse-like  animals  (chiefly  from  Marsh),  showing  gradual  reduction  of  the 
outer,  and  enlargement  of  the  middle  toe  (III). 

a,  Orohippus  (Eocene) ;  6,  Mesohippus  (Miocene) ;  c,  Miohippus  (Miocene) ; 
d,  Hipparion  or  Frotohippus  (Pliocene) ;  e,  Equus  (Pleistocene). 

the  discovery  of  America  by  the  Spaniards — a  most  remarkable  circum- 
stance, considering  the  fitness  of  the  country  for  their  maintenance, 
as  proved  by  the  facility  with  which  the  descendants  of  horses  intro- 
duced by  the  European  invaders  have  multiplied  in  a  feral  state.* 

On  the  other  hand,  of  tapirs,  fossil  remains  have  been  found  most 
sparingly,  though  sufficient  to  show  that  they  had  a  much  wider 
geographical  range  northwards  in  the  Pleistocene  period  than  now, 
and  yet  several  species  of  this  genus  still  linger  in  the  highlands  of 
Central  and  South  America,  the  sole  direct  representatives  of  the 
vast  and  varied  Perissodactyle  £auna  of  the  continent  in  ages  long 
gone  by. 

We  may  now  pass  to  the  remaining  great  group  of  hoofed  animals, 
the  even-toed  or  Artiodactylee,t  represented  at  present  by  the  Pigs, 

*  For  an  outline  of  the  history  of  the  Horse  family  in  America,  see  O.  C. 
Marsh,  "  Notice  of  New  Equine  Mammals  from  the  Tertiary  Formation,"  *  Am. 
Joum.  of  Science  and  Arts,'  vol.  vii.,  March  1874;  and  **  Fossil  Horses  in 
America,"  'American  Naturalist/  vol.  viii..  May  1874.  Also,  E.  D.  Oope, 
"  Osteolo^  of  Protohippu^,'*  in  "  Report  on  the  Stratigraphy  and  Pliocene  Ver- 
tebrate Palawntology  of  Northern  Colorado,"  *Bull.  U.  S.  Geol.  Surv.  of  the  Ter- 
ritories/ No.  1, 1874 ;  and  Leidy's  memoirs  quoted  above. 

t  The  parts  of  the  feet  are  arranged  symmetrically  on  each  side  of  a  line 
drawn  between  the  third  and  fourth  toes. 
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Hippopotami,   Gamels,   Gheyrotains,   Deer,  Antelopes,   Sheep,   and 
Oxen. 

The  remains  of  this  group  in  the  hitherto  explored  American 
Eocenes  are  verj  scanty  and  unsatisfactory  as  affording  iudications  of 
its  early  history  and  development.  Not  a  single  specimen  has  yet  been 
described  which  was  found  in  a  sufficiently  perfect  state  of  preserva- 
tion to  give  a  tolerably  correct  idea  of  its  structure  and  affinities, 
and  no  forms  corresponding  to  the  well-established  European  Ano' 
plothertumy  Diehodon,  XiphodoUy  or  Ccenoiheriura  have  been  found. 
Towards  the  close  of  the  period  only  (if  the  age  of  the  Tertiary  beds  of 
Utah  are  rightly  determined)  do  we  find  indications  of  well-defined 
crescentic-toothed  or  Selenodont  species  (Agrioch<Bru8,  Leidy),  and 
also  of  tubercular-toothed  or  Bunodont  {Elotherium  and  Platygonus) 
forms.  During  the  Miocene  period,  however,  Artiodactyles  of  both 
these  two  main  divisions  abounded.  It  will  be  as  well  to  take  each 
group  separately,  and  follow  its  history  throughout,  from  the  Miocene 
to  the  present  day. 

1.  The  Bunodonts,  or  those  which  inclined  most  to  the  pigs  in 
dental  structure.  These  were  in  North  America,  as  in  Europe,  chiefly 
represented  by  animals  of  the  genus  Elotherium,  huge  swine -like 
creatures,  some  of  which  approached  the  hippopotamus  in  size,  and  also 
by  an  allied  four-toed  form,  PelonaXy  Cope,  remarkable  for  its  horn- 
like bony  tubercles  projecting  out  on  each  side  from  near  the  front  end 
of  the  lower  jaw.  These  berime  extinct,  as  in  the  Old  World,  before 
the  close  of  tiie  Miocene  epoch. 

Animals  more  like  true  pigs  also  existed,  but  all  of  the  peccary 
type,  the  only  one  which  now  survives  on  the  American  continent.  If 
tibe  evidence  of  teeth  alone  can  be  trusted,  this  form,  like  the  tapir 

Sad  the  African  Hyomoschm),  is  an  unmodified  remnant  of  the  old 
iocene  fauna.  But  both  at  that  period  and  in  the  Pleistocene, 
peccary-like  animals  existed  in  greater  variety  (as  in  the  genus  Plaiy- 
gonus\  and  in  wider  geographical  distribution  than  at  present.  It  is 
interesting  to  note  that  no  remains  of  true  Sus  or  any  of  its  Old  World 
modifications,  as  the  wart  hog  {Ph<icochcBru8)y  and  babirussa,  or  of  any 
species  of  hippopotamus,  have  hitherto  been  met  with  on  the  American 
continent.  And  thus  the  American  bunodont  Artiodactyles,  instead 
of  undergoing  great  and  diverse  modifications,  as  did  the  corresponding 
ftTii'tyiftlR  of  the  Old  World,  have  been  gradually  dwindling  and  contract- 
ing to  the  two  closely  allied  species  of  peccary  (Dicotyles  tajacu  and 
D.  labiatuM),  among  the  smallest  and  most  insignificant  of  the  whole 
group. 

2.  Of  the  Selenodont  or  crescentic-toothed  Artiodactyles,  the 
former  existence  in  America  of  the  long-extinct  Old  World  genus 
Hyopotamiu  has  been  recognized  by  the  discovery  of  a  few  teeth  in 
the  lowest  Miocene  of  Dakota,  and  this  is  remarkable  as  the  only 
recorded  instance  of  an  American  form  with  three  cusps  on  one  of 
the  lobes  of  the  upper  molars,  a  very  common  character  among  the 
European  Miocene  Artiodactyles. 
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Bemainfl  have  also  been  found  reoently  of  yarions  small  nuninant- 
like  animals,  some  not  larger  than  a  squirrel  in  size,  to  which  the 
names  LepUimeryx^  HypUodus,  Hypertragulva^  &c.,  have  been  applied. 
Whether  these  belonged  to  the  family  of  CSievrotains  or  TragulidoR  ' 
(improperly  called  pigmy  mnsk-deer),  or  whether,  as  appears  more 
probable,  they  were  not  rather  generalized  or  ancestral  forms  of  the 
true  Pecora  or  Bominants,  is  difficnlt  to  determine  from  the  present 
eyidence. 

Perhaps  the  most  interesting  of  the  American  Miocene  Artio- 
dactyles,  on  abcomit  of  their  great  abmidance  both  in  species  and 
indiyidoids,  the  fall  information  which  has  been  collected  as  to  their 
structure,  and  their  distinctness  from  any  known  forms  from  any  other 
part  of  the  world,  is  a  family  to  which  Prof.  Leidy  applied  the  term 
OreodonHdcB.  They  played  the  part  in  the  North  American  Miocene 
fanna  which  the  deer  do  now  in  the  same  conntry,  the  antelopes  in 
Africa,  and  the  sheep  in  Central  Asia.  They  were  in  nearly  all  points 
of  stractore  intermediate  between  the  raminants  and  pigs,  and  (with 
many  other  Old  World  forms,  however)  completely  break  down  the  line 
of  demarcation  which  our  knowledge  when  limited  only  to  the  existing 
fanna  of  the  world  caused  j&oologists  to  draw  between  those  two  groups. 

They  appear  to  haye  suryiyed  throughout  the  whole  of  tiiie 
Miocene  period,  commencing  in  the  genus  called  AffriochcBnu  in  the 
uppermost  Eocene,  and  ending  in  the  Merychyua  of  the  early  Pliocene ; 
and  it  is  of  great  interest  to  know  that  a  gradual  modification  can  be 
traced  in  the  characters  of  the  animals  of  the.  group,  corresponding 
with  their  chronologiad  position,  from  the  earlier  more  generalized 
to  the  latest  comparatiyely  specialized  forms,  thus  affording  one  of 
the  most  complete  pieces  of  eyidence  that  is  known  in  &your  of  a 
progressiye  alteration  of  form,  not  only  specific,  but  even  of  generic 
importance,  through  advancing  ages. 

Another  group  of  great  interest  made  its  appearance  in  the 
Miocene  of  North  America,  and  which,  if  the  evidence  of  fragments 
can  be  trusted,  did  not  become  extinct,  like  the  last,  but  continuing 
to  exist  through  the  Pliocene  and  Pleistocene  ages,  is  still  represented 
on  two  distant  parts  of  the  earth  by  the  three  or  four  species  of  llama 
of  South  America,  and  the  two  species  of  camel  of  the  Old  World. 
The  discovery  of  the  early  Miocene  PoehroUierium  and  of  the  Pliocene 
Proeamdus  and  Pliaucheniay  remains  of  which,  and  of  Pleistocene 
AudienicB  of  great  size,  though  not  generically  distinguishable  from 
the  modern  llamas,  are  abundantly  distributed  over  the  North 
American  continent,  seem  to  show  that  that  country  was  the  original 
home  of  the  singular  &mily  of  CamelidcB,  which  was  probably  intro- 
duced by  emigration  in  its  perfect  condition  into  the  Old  World, 
where  none  of  the  transitional  forms  from  the  more  generalized 
ruminants,  like  those  above  mentioned,  have  been  met  with.* 

«  Bee  Gope  '*  On  the  Phylogeny  of  the  Gamela,"  '  Proc.  Aoad.  Nat.  Soienoei, 
Philadelphia,'  Part  II.,  1875,  p.  261. 
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On  the  other  hand,  of  the  gigantic  four-homed  Sivaiherium  of  the 
HimalayaB,  the  equally  large  but  hornless  HeUadotherium  of  the 
Grecian  Miocene,  or  of  the  giraffes,  no  representatiyes  haye  hitherto 
been  found  in  America.  And  very  little  light  has  been  shed  upon 
the  origin  and  distribution  of  the  true  ruminants  by  these  researches, 
except  in  a  negatiye  manner.  No  deer  haye  been  found  in  the 
Miocene  (at  which  epoch  they  were  abundant  in  Europe^;  in  the 
Pliocene  but  a  single  and  poorly  deyeloped  species;  while  in  the 
Pleistocene,  with  the  exception  of  one  large  species,  called  Cervus 
Americanus^  they  scarcely  differ  from  those  of  the  actual  fauna.  Of  the 
hollow-homed  ruminants,  seyeral  species  of  bison,  of  Ovtbos  or  musk 
ox,  and  a  single  Ovie,  haye  been  described,  all  from  the  Pleistocene, 
but  not  a  single  species  of  antelope.  From  these  facts  it  may  safely 
be  inferred  that  the  few  existing  and  Pleistocene  hollow-homed  rumi- 
nants are  immigrants  of  recent  date  from  other  lands ;  and  it  is  eyen 
possible  that  the  deer  haye  been  similarly  deriyed,  though  at  a  some- 
what older  period,  which  will  account  for  their  being  more  yaried 
and  wider  spread  in  surface  distribution,  extending  down  almost  to  the 
southern  extremity  of  the  continent,  while  the  hollow-homed  rumi- 
nants are  entirely  confined  to  the  north. 

Scarcely  any  group  to  which  the  term ''  Order "  is  applied  is  so 
limited  in  the  number  of  its  existing  species  as  that  called,  from  one 
of  the  most  striking  external  characteristics  of  the  animals  composing 
it,  "  ProhosddeaJ*  The  two  species  of  elephant,  that  of  Asia 
and  Africa,  the  largest  and  in  some  respects  the  strangest  of  all 
land  animals,  are  its  sole  representatiyes.  Between  these  two  animals 
and  all  others  now  existing,  there  is  a  wide  gap  in  numerous  essential 
Btroctural  characters,  so  that  really,  in  the  world  as  we  now  see  it, 
they  haye  no  near  relatiyes. 

But  tiiis  was  not  always  so.  Leaying  the  existing  condition  of  the 
earth's  sur&ce,  and  passing  back  to  the  last  well-marked  stage  before 
our  own,  the  Pleistocene  period,  we  find  abundant  remains  of  elephants, 
imbeddeii  in  alluyial  grayels,  or  secreted  in  the  recesses  of  cayes,  into 
which  they  haye  been  washed  by  streams  or  floods,  or  where,  in  many 
cases,  they  haye  been  dragged  in  as  food  by  hyaenas  or  other  preda- 
ceous  inhabitants  of  these  subterranean  dens. 

We  find  these  remains  of  elephantine  animals  extensiyely  dis« 
tributed  oyer  regions  of  the  earth  where  no  such  creatures  haye 
existed  within  the  memory  of  man.  We  find,  moreoyer,  that  the 
el^hants  of  the  Pleistocene  period,  judging  from  their  bones,  and 
especially  their  teeth,  do  not  in  most  cases  exactly  correspond  in  form 
or  size  to  either  of  the  existing  kinds.  We  certamly  find  remains  un- 
distinguishable  from  those  of  the  existing  African  elephant,  in  the 
north  of  Africa  and  southern  parts  of  Europe ;  but  the  majority  of 
these  remains  not  only  differ  among  themselyes,  but  differ  more  or  less 
from  either  the  African  or  Indian  species,  and  hence  haye  had  many 
diffiarent  appellations  bestowed  upon  them,  as  belonging  to  what  are 
considered  to  be  different  species. 

Vol.  Vni.    (No.  64.)  i 
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But  not  only  in  the  Pleistocene  period  did  elephants  abound. 
Animals  which  mnst  come  within  any  definition  which  will  include 
both  ElephoB  IndicfM  and  Elephaa  Africamu  are  also  found  in  the 
European  Pliocenes;  and  even  earlier  in  Asia,  the  depoeits  of  the 
Siyalik  Hills,  belonging  to  a  transition  between  the  Pliocene  and 
Miocene  age,  are  rich  with  the  remains  of  elephants  of  yaried  form,  in 
some  cases  presenting  a  considerable  departure  from  our  better-known 
types.  Further  back  in  time,  howeyer,  we  search  in  yain  for  true 
elephants.  In  the  Miocene  period,  it  is  true,  many  kinds  of  huge 
Proboscideans  roamed  oyer  the  surface  of  the  earth,  but  these  differ 
so  much  from  what  we  now  call  ^  elephants,"  that  it  becomes  neces- 
sary to  distinguish  them  by  another  name;  and  that  of  Mastodon^  first 
applied  by  Cuyier,  is  generally  adopted. 

Mastodons  howeyer  were,  after  all,  yery  like  elephants,  only 
being  distinguished  by  some  peculiarities  of  the  teeth ;  and  by  meanu 
of  interme£ate  species  the  two  forms  pass  so  gradually  into  one 
another,  that  it  is  difficult  to  say,  in  the  case  of  some  species,  with 
which  group  they  ought  most  properly  to  be  classed.  One  other 
form  of  animal,  which  can  be  referred  to  the  order  Prcboscidea,  is 
known  in  the  Old  World — the  Dtno^Amum,  a  huge  beast,  the  nature 
of  which  for  a  long  time  was  yery  doubtful,  haying  been  grouped  by 
some  naturalists  with  the  Manatees,  by  others  eyen  with  the  Marsu- 
pials. Its  remains  haye  been  found,  Ihough  comparatiyely  rarely,  in 
Miocene  deposits  in  Germany,  France,  Greece,  Acoa  Minor,  and  India. 

Here  our  knowledge  of  the  history  of  the  order  Proboscidea,  as 
deriyed  from  palaBontological  researches  in  the  Old  World,  ends.  The 
Dinoiherium  being  in  its  teeth  and  some  other  respects  slightly  less 
specialized  than  the  other  forms,  constitutes  some  Innd  of  an  approxi- 
mation to  the  Ungulate  animals,  especially  the  tapirs ;  but  the  gap  to 
be  bridged  oyer  is  still  yery  wide;  and  no  remains  referable  to 
animals  of  the  order,  or  any  intermediate  forms  between  this  and  other 
orders,  haye  been  found  in  Old  World  Eocene  deposits. 

Let  us  now  turn  to  America.  Neither  at  the  present  time  nor  within 
the  memory  of  man  haye  any  Proboscidean  animals  existed  within  the 
length  or  breadth  of  the  whole  continent.  But  at  one  time,  and  that,  geo- 
logically speaking,  a  yery  recent  one,  both  true  elephants  and  true  mas- 
todons abounded  in  North  America^  and  the  last-named  genus  extended 
far  into  the  southern  portion  of  the  continent.  The  elephant,  the  re- 
mains of  which  are  most  abundant  throughout  what  are  now  the  United 
States,  differed  but  yery  slightly,  if  at  all,  from  that  which  at  the  same 
period  ranged  throughout  the  northern  portion  of  the  Old  World  from 
the  British  Isles  to  Alaska.  The  commonest  species  of  mastodon 
{M.  AmericanU8,  or  Ohioiietia,  or  giganteus)  seems  to  haye  surriyed  to  a 
much  later  period  than  any  of  its  European  congeners,  and  eyen  to 
haye  been  the  last  extinct  of  all  the  American  Proboscideans. 
Kemains  of  other  elephants  and  mastodons,  though  not  differing  in 
any  remarkable  degree  from  well-known  Etiropean  forms,  haye  bee  n 
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found  in  Pleistocene  (and  at  all  eyents  with  rei^^t  to  the  last-named 
genns)  in  Pliocene  deposits ;  but,  as  £ur  as  the  evidence  is  at  present 
before  ns,  nowhere  earlier. 

So  far,  then,  we  find  that  elephants  and  mastodons,  of  types  quite 
resembling  those  fonnd  in  the  Old  World,  bnt  in  less  specific  variety, 
appeared  on  the  American  continent  at  a  later  period  than  in  the  Old 
World  (none  having  been  fonnd  of  undoubted  Miocene  age),  and  ulti- 
mately became  completely  extinct  before  the  historic  period.  No 
animal  corresponding  to  the  Dinotherium  has  been  found.  We  shall 
hardly,  then,  be  prepared  to  look  for  primitive  types  of  the  race  in 
earlier  American  formations. 

Among  the  most  remarkable  discoveries  of  the  Eocene  formations 
of  Wyoming,  has  been  that  of  a  group  of  animals  of  huge  size, 
approaching,  if  not  equalling,  that  of  the  largest  existing  elephants, 
and  presenting  a  combination  of  characters  quite  unlike  &ose  known 
among  either  recent  or  extinct  creatures,  and  of  which  there  were 
evidently  several  species  living  contemporaneously.*  Bones  of  some 
of  these  animals  were  discovered  by  Professor  Marsh  and  Lieutenant 
Wann  of  the  Yale  College  exploring  party  near  Sage  Creek,  Western 
Wyoming,  in  September  1870,  and  described  by  the  former  in  the 
foUowing  year,!  though  provisionally  referred  to  the  genus  Titano- 
iherium.  Other  remains  were  discovered  and  described  by  Leidy  in 
1872$  under  the  generic  name  of  Uintaiherium  (from  the  Uintah 
Mountains,  near  which  they  were  found).  Very  shortly  afterwards 
other  portions  of  bones  and  teeth  of  either  the  same  or  closely  allied 
forms  were  described  by  Marsh  as  BinoceroB^  and  by  Cope  as  Loxo- 
hphodon  and  E6basileu8.  Whether  these  names  will  ultimately  be 
retained  for  separate  generic  modifications,  or  whether  they  will  have 
to  be  merged  into  the  first,  it  would  be  premature  to  attempt  to 
decide  upon  the  evidence  before  us.  Until  satisfactory  grounds  have 
been  shown  for  considering  them  to  be  distinct,  it  will  be  best  to 
speak  of  them  all  under  the  name  which  has  the  priority. 

To  form  some  idea  of  the  general  appearance  of  one  of  these  animals, 
we  must  imagine  a  creature  very  elephant-like  in  its  general  propor- 
tions, elevated  on  massive  pillar-like  Umbs,  not  quite  so  long  certainly 
as  those  of  elephants,  but  with  the  femur  vertically  placed,  without 
third  trochanter,  and  without  pit  for  the  round  ligament  as  in  those 
animals,  the  radius  and  ulna  complete,  and  crossing,  and  the  feet 

*  See  Leidy,  '  Extinct  Vertebrate  Fauna  of  the  Western  Territories,*  1878 : 
0.  C.  Marsh,  **  Principal  Characters  of  the  Dinocerata/'  *  American  Journal  of 
Science  and  Arts,'  vol.  zi.  February  1876 :  E.  D.  Cope, '  Hizth  Annual  Beport  of 
the  United  States  Geological  Survey  of  the  Territories,'  1873,  p.  563 :  Idem, 
*  Systematic  Catalogue  of  the  Yertebrata  of  the  Eocene  of  New  Mexico,  collected 
in  1874 ' ;  Washiagton,  AprU  17. 1873. 

t  '  Am.  Joum.  Science  and  Art,'  July  1871,  p.  351. 

X  'Proo.  Acad.  Nat.  Sciences/  Philadelphia,  July  30,  1872.  In  the  same 
oommonication  the  great  canine  tooth,  which  was  found  apart  firom  the  skull, 
was  deAoribed  as  that  of  a  carnivore,  under  the  name  of  dintamaatix  atrox. 
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short,  hroad,  massive,  and  with  fiye  toes  on  each.  At  first  sight 
the  skeletons  of  these  feet  (as  figured  hy  Marsh)  show  an  extraordinary 
resemblance  to  those  of  the  elephant,  and  to  no  other  animal, 
especially  in  the  form  of  the  astragalus ;  but  on  closer  inspection  it  is 
seen  that  in  the  mode  of  articulation  between  the  different  bones  of  the 
carpus  and  tarsus,  they  really  come  nearer  to  the  rhinoceros  and  other 
Perissodactyles.  For  example,  the  upper  end  of  the  third  metacarpal, 
instead  of  joining  almost  alone  to  the  magnum,  as  in  elephants,  is 
united  by  two  nearly  equal  facets  to  the  magnum  and  unciform,  and 
the  astragalus  artictdates  largely  with  the  cuboid,  which  it  does  not  in 
the  elephants.  The  presence,  however,  of  five  complete  and  distinct 
toes  to  the  fore  foot,  and  probably  also  to  the  hind  foot,  is  a  definite 
distinguishing  character  from  any  known  Perissodactyle. 

The  vertebrsB,  in  their  main  characters,  resemble  those  of  the 
Proboscideans ;  though  the  neck  was  somewhat  longer  in  proportion. 
The  tail  was  long  and  slender. 

Fio.  2. 


Bestored  skull  of  Uintatherinm  (^Dinoceras,  ICanh). 

Tlie  head  was  long  and  narrow,  and  in  its  essential  features 
more  resembling  that  of  the  rhinoceros  than  the  elephant.  It  was 
elevated  behind  iato  a  great  occipital  crest,  as  in  the  former,  but, 
unlike  that  of  any  other  known  animal,  it  had  developed  from  its 
upper  surface  throe  pairs  of  conspicuous  laterally  diverging  pro- 
tuberances, one  pair  (the  largest)  from  the  parietal  r^on,  one  on  the 
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maTJIIariefl  in  front  of  the  orbit,  and  one,  much  smaller  than  the 
otherB,  near  the  fore  part  of  the  elongated  nasal  bones.  Whether 
these  were  merely  covered  by  bosses  of  callons  skin,  as  the  rounded 
form  and  roggedness  of  their  extremities  would  seem  to  indicate,  or 
whether  they  formed  the  basis  of  attachment  for  horns  of  still  greater 
extent,  either  like  those  of  the  rhinoceros  or  the  buffido,  must  still 
be  a  matter  of  conjecture.  Whichever  may  have  been  the  case,  they 
would  have  given  a  very  strange  aspect  to  the  creature  which  possessed 
them,  and  have  been  formidable  weapons  in  encounters  eiUier  with 
animals  of  its  own  kind,  or  with  the  carnivorous  beasts  whose  remains 
have  been  found  associated  with  it. 

The  teeth  Were  no  less  remarkable  than  the  general  formation  of 

0      1       ^      ^ 
the  skull.     The  dental  formula  was  «  o>  ^^  t>  i'  o»  •'^  o  =  ^-  ^®  front 

O         1         O  O 

teeth,  or  incisors  were,  as  in  modem  ruminants,  absent  above,  and  in 
the  lower  jaw  rather  small,  directed  forwards,  and  forming  a  con- 
tinuous series  with  the  still  smaller  canine.  A  large,  trenchant, 
enamel-covered  tusk,  not  unlike  that  of  the  musk-deer,  or  Chinese 
water-deer  (^Hydopotee),  descended  from  each  side  of  the  upper  jaw, 
and  lay  agamst  a  singular  flattened  expansion  of  the  lower  border  of 
the  ramus  of  the  lower  jaw,  which  has  been  conjectured  to  be  for  the 
purpose  of  protecting  them  from  injury,  though  no  such  processes  are 
found  necessary  in  the  animals  above  mentioned  with  similar  tusks ; 
and  they  recall  a  similar  conformation  of  the  jaw  of  the  Megaiherium^ 
which  can  have  no  such  function.  They  must  have  effectually  pre- 
vented any  stabbing  or  penetrating  action  of  these  weapons.  There 
is  some  evidence  that  the  tusks  were  smaller  in  the  females.  The 
molar  teeth  were  six  on  each  side,  above  and  below,  placed  in  con- 
tinuous series,  and  separated  from  the  canines  by  a  considerable 
interval.  They  were  small  for  the  size  of  the  animal,  and  of  simple 
structure,  each  having  two  more  or  less  transverse  crests,  though 
those  of  the  upper  jaw  diverge  externally,  and  meet  at  the  inner 
border  of  the  tooth  in  a  V-shaped  manner. 

The  brain  (as  indicated  by  the  size  and  form  of  the  cerebral 
cavity,  of  which  a  cast  has  been  made  and  figured  by  Professor  Marsh) 
was  proportionately  smaller  than  in  any  other  known  mammal,  recent 
or  fossil,  and  was  almost  reptilian  in  its  character.  It  wad  actually  so 
diminutive  (in  Marsh's  Dinoceras  mirdbUe)  that  the  entire  brain  could 
apparently  have  been  drawn  through  the  neural  canal  of  all  the 
presacral  vertebne,  certainly  through  the  cervicals  and  lumbars.  It 
was  therefore  exceedingly  unlike  tbtt  of  modem  Proboscideans. 

These  animals,  talmig  the  totality  of  their  organization  into  con- 
sideration, appear  to  belong  to  the  great  Ungulatel  group,  and  to  hold 
a  position  somewhat  intermediate  to  the  Perissodactyles  and  th^ 
Proboscidea,  though  nearer  to  the  former  than  was  at  first  supposed. 
This  affinity  is  still  further  shown  by  the  discovery  of  other  forms, 
constituting  the  genera  Bathmodon  and  Metalophodon  of  Oope,  from  an 
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earlier  geological  horizon,  which  with  the  general  stmctore  of  the 
UinUUhendcBy  retain,  in  an  extremely  interesting  manner,  many  primi- 
tive characters,  common  to  all  early  Ungolates,  especially  tibe  com- 
plete number  of  incisor  and  premolar  teeth.  These  are  forms  for 
fuller  information  upon  which  we  anxiously  wait* 

It  should  he  mentioned  that  Professor  Marsh  has  made  of  Utiita- 
iherium  and  its  immediate  allies,  a  peculiar  order  of  mammals,  to 
which  he  has  given  the  name  of  Dinocerata,  while  dope,  who  formerly 
included  them  in  the  Proboscidea,  and  placed  BcUhmodon  with  the 
Perissodactyla,  has  now  ('  Syst.  Cat.  of  Yertebrata  of  the  Eocene  of 
New  Mexico,'  1875)  formed  an  order  called  Arnblypoda^  of  which  the 
IHnoceratay  containing  the  genera  UiiUaiherium  and  LooDolophodonf  is  one 
suborder,  and  the  Pantodontay  containing  Baihmodon  and  Metalopho' 
hdon,  the  other.  Both,  however,  admit  that  they  hold  a  position 
somewhat  intermediate  between  the  modem  orders  of  Proboscidea 
and  Perissodactyle  Ungulates,  and  so  stand  out,  as  it  were,  as  broken 
piers  of  the  bridge,  by  which  the  gulf  whidi  now  so  completely 
divides  these  orders  might  have  been  passed  over. 

The  negative  evidence  (which  of  course  must  be  received  with  the 
greatest  caution  in  palsBontology)  of  the  absence  of  the  remains  of 
any  of  these  animals  in  the  Miocene  or  Pliocene  deposits  of  North 
America,  indicates  that  the  race  became  extinct,  at  least  in  that  land, 
though  it  possibly  may  have  migrated  elsewhere,  and  perhaps  in  Asia 
may  have  laid  the  foundation  of  that  family,  which  first  appears  in 
the  Old  World  under  the  more  fiEuniliar  form  of  the  typical  Pro- 
boscideans. 

While,  however,  it  would  be  the  rashest  possible  assertion  to  say 
that  these  were  derived  directly  from  the  Eocene  Bathmodons  and 
Uintatheriums,  it  is  not  too  much  to  look  upon  the  latter  as  affording 
us  some  indications  of  the  steps  by  which  the  process  might  have 
taken  place,  and  a^  such  their  discovery  is  one  of  the  most  interesting 
that  has  been  revealed  by  modem  paledontological  research. 

The  history  of  the  North  American  Camivora  may  next  engage  our 
attention.  In  the  actual  condition  of  affiiirs,  this  order  is  tolerably 
well  represented  on  that  continent  The  ProcyonidcB,  or  raccoon-like 
animals,  are  almost  peculiar  to  it ;  the  bears,  and  their  allies  the  otters, 
martens  and  skunks,  are  numerous.  The  dogs  also  are  widely  dis- 
tributed and  variously  modified.  The  Felidie,  though  tolerably 
abundant,  do  not  attain  the  same  size  and  strength  as  in  the  Old 
World,  and  the  HycBnidcBy  ProtelidcBj  Cryptoproctidm,  and  the  great 
family  of  VivenidcBy  the  civets  and  genettes,  are  entirely  wanting. 

As  the  modem  tapirs  and  peccaries  which  pursue  their  peaceful 

*  A  figure  of  the  skull  of  Bathmodon  elephantopw.  and  much  additional  infor- 
mation npon  the  geology  and  palieontology  of  New  Mexico,  has  been  published 
hj  Professor  Cope,  in  Lieutenant  Wheeler's  'Annual  Report  upon  the  Geo- 
graphical Explorations  and  Surveys  West  of  the  One  Hundredth  Meridian,*  &c.t 
Washington,  1875,  which  reached  the  writer  since  the  above  was  in  type. 
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existence  in  the  deep  shades  of  the  tropical  American  forests,  frequently 
become  the  yictims  of  the  ferocious  jaguars  and  pxunas,  which  prowl 
in  search  of  prey  through  the  rank  vegetation  of  the  river  banks,  or 
lie  in  wait  concoeded  amid  the  luxuriant  foliage  of  the  branches  over- 
head, it  is  only  natural  to  suppose  that  the  countless  herds  of  tapir  and 
Bwine-like  herbivorous  atiiniftlfl  which  lived  in  a  similar  manner  amid 
the  ancient  Eocene  swamps  and  forests  of  Wyoming  and  Colorado, 
were  idso  destined  to  furnish  subsistence  to  a  tribe  of  rapacious  beasts 
of  form  and  fashion  long  passed  away.  Paladontological  research 
amply  shows  that  this  was  the  case.  Side  by  side  wiw  the  remains 
of  Hyrachyus^  PalcBoayope,  and  the  rest,  are  found  bones  and  teeth  of 
animals  of  varied  size  and  structure,  but  of  undoubted  carnivorous 
habits.  Unfortunately  at  present  most  of  these  are  known  only  by 
£nagmentB,  and  not  a  few  of  the  numerous  genera  recently  described 
are  founded  on  the  evidence  of  a  single  tooth  I 

There  are  some,  however,  about  which  our  knowledge  has,  within 
the  last  two  or  three  years,  been  greatly  extended,  and  which  have 
proved  to  be  of  very  special  iaterest.* 

Among  these  are  two  genera,  called  by  their  describer,  Professor 
Ck)pe,  Sffnaphtherium  and  Meeonyx^  each  represented  by  a  single  species, 
8,  laniuB  and  JIf.  chtusidens;  the  latter  tiiie  size  of  a  large  wolf,  the 
former  somewhat  larger,  both  from  the  Eocene  of  Wyoming.  These, 
like  so  many  of  the  animals  of  the  same  period  of  the  world's  history, 
present  such  a  combination  of  characters,  that  it  is  impossible  to 
place  them  in  either  of  the  existing  families  of  the  order  to  which 
they  belong,  being  in  some  respects  bear-like,  in  others  dog-like,  and 
in  some  being  more  generalized  than  are  any  existing  members  of  the 
order.  For  instance,  their  daws  had  not  that  narrow,  compressed, 
curved,  and  sharp-pointed  form  seen  more  or  less  in  all  modem 
carnivores,  and  in  the  highest  degree  in  the  most  typical  or  specialized 
members  of  the  group,  the  cats ;  but  they  were  nearly  flal^  straight, 
and  blunt  (from  whence  it  has  been  conjectured  that  they  were  adapted 
for  an  aquatic  life),  and  two  bones  of  the  carpus,  the  scaphoid  and 
lunar,  wluch  in  all  existing  camivora  (even  including  the  seals),  are 
united  to  form  a  single  bone,  were  distinct  from  each  other,  as  in  the 
majority  of  mammalia.t  The  lower  canine  teeth  were  placed  very 
dose  to  the  fore  part  of  the  jaw,  which  appears  to  Professor  Cope  **  a 
special  modification  for  peculiar  habits,  which,"  he  says,  "  I  suspect  to 
have  been  the  devouring  of  the  turtles,  which  so  abounded  on  the  land 
and  in  Uie  waters  of  the  same  period.  The  slender  symphysis  could 
most  readily  be  introduced  into  the  shell,  while  the  lateral  pressure  of 
the  upper  canines  with  the  lower  would  be  well  adapted  for  breaking 
the  bony  covering  of  those  reptiles." 

*  Cope,  ^ On  the  Flat-olawed  Gamivoia  of  the  Eocene. of  Wyoming,"  *Proc. 
Am.  Phil.  Soo.,'  toI.  xiii  No.  90,  1873:  /dm,  'Systematio  Oatalogue  of  the 
Yertebrats  of  the  Eocene  of  New  Mexico,'  Waahington.  1875. 

t  "The  icaphoid  and  lunar  bones  have  not  yet  been  found  united  in  any 
Eocene  mammal" — ^Manh,  'Am.  Joum.  of  Science  and  Arts/  Blarch  1876. 
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In  the  character  of  the  molar  teeth,  of  which  there  were  a 
considerable  number  resembling  one  another  in  form,  these  animals, 
and  many  others  less  perfeotlj  known,  resemble  the  well-known 
Hycenodon  of  Europe,  a  lost  type  of  carnivorous  animal  first  found 
in  the  Upper  Eocenes  of  Europe,  but  abundant  also  in  America  at 
an  apparently  later  age.  The  members  of  this  group  of  carnivores 
are  all  characterized  by  long  and  somewhat  slender  jaws,  containing 
a  series  of  teeth  one  behind  the  other,  each  being  in  its  form  a 
repetition  of  the  one  before  it,  as  in  many  of  the  existing  predaceous 
marsupial  animals.  The  greater  differentiation  of  the  characters 
of  the  teeth  and  the  shortening  of  the  jaws,  with  corresponding 
increase  of  the  force  with  which  they  can  be  closed,  seen  in  the 
highest  forms  of  modem  carnivores,  is  one  among  many  examples 
of  progressive  adaptations  conducing  to  more  complete  efficiency 
in  performing  the  functions  of  life.  These  Eocene  carnivores  also 
(according  to  dope)  showed  a  primitive  character  in  the  tibio- 
astragalar  articulation,  or  ''ankle-joint/'  "The  astragalus  is  flat, 
and  the  applied  surfaces  are  nearly  a  plane,  and  without  the  pulley- 
shaped  character  seen  in  existing  camivora,  as  dogs,  cats,  and,  in  a 
less  degree  in  the  bears  and  in  other  mammalia  with  specialized 
extremities,  as  Peris9odactyla,  Artiodactyla,  &o.  The  simplicity  of 
structure  resembles,  on  the  other  hand,  that  found  in  the  oposstmi 
and  various  Inseciivora,  BodenHa^  and  Quadrumana^  and  in  the 
Prcboscidici,  most  of  which  have  the  generalized  type  of  feet  The 
structure  indicates  that  the  carnivorous  genera  named  were  planti- 
grade— a  conclusion  which  is  in  conformity  with  the  belief  already 
expressed,  that  the  mammalia  of  the  Eocene  exhibit  much  less  marked 
ordinal  distinction  than  do  those  of  the  Miocene  or  the  recent  periods. 
It  is,  indeed,  questionable  whether  some  of  the  genera  here  included 
in  the  camivora  are  not  gigantic  Insectivora,  since  the  tibio-tarsal 
articulation  in  many,  the  separation  of  the  scaphoid  and  lunar  bones 
in  Synoplotherium,  &e  form  of  the  molars,  and  the  absence  of  incisor 
teeth  in  some,  are  all  characteristic  of  the  latter  rather  than  the 
former  order."  * 

The  Miocene  carnivorous  animab  found  associated  with  the  her- 
bivorous Oreodons  of  Dakota,  are  more  perfectly  known,  many  of 
them  having  been  well  worked  out  and  figured  some  years  ago  by 
Leidy.  The  most  remarkable  are  several  species  of  Hycsnodcm^  a 
genus  already  mentioned  as  found  in  the  Upper  Eocenes  and  Lower 
Miocenes  of  France,  and  also  of  the  south  of  England ;  but  one  of 
the  American  species  (H.  horridus,  Leidy)  is  larger  than  any  of  its 
European  congeners,  its  skull  (which,  as  Leidy  remarks,  is  not  like 
that  of  any  existing  carnivores,  but  something  intermediate  between 

*  This  idea  haa  been  more  fully  developed  in  a  paper  by  Profeesor  Cope,  ^  On 
the  suppoaed  Gamiyora  of  the  Eocene  of  the  Bocky  Monntains  "  (*  Proc.  Aoad. 
Nat.  Science,'  Philadelphia,  Nov.  30,  1875) ;  and  the  group  Creodonta  aa  a  sub- 
order of  Insectivora,  proposed  for  the  reception  of  several  genera  previously 
referred  to  the  Camivora, 
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that  of  a  wolf  and  an  opossmn)  fully  eqaaUing  that  of  the  largest 
individual  of  the  black  bear  {Ureua  Americanus)  ;  other  species  were 
not  larger  than  a  fox.  These  were  the  last  snrviyors  of  a  group 
notably  different  from  any  now  existing. 

The  remaining  American  carnivores  of  the  Miocene  and  more 
recent  ages,  can  be,  as  far  as  they  are  Imown,  referred  to  one  or  other 
of  the  groups  into  which  the  order  is  now  divided.  The  dog-like 
forms  were  abundant  throughout  the  Miocene  and  Pliocene  ages. 
But  in  the  earliest  period  more  generalized  types  were  met  with, 
assigned  to  the  well-known  European  genus  Amphicyony  which  differs 
from  the  true  dogs  in  the  more  tuberculated  character  of  its  molars, 
and  the  presence  of  the  last  upper  tooth  of  this  class,  which  is  missing 
in  the  modem  CanidcBy  and  also  in  the  more  bear-like  structure  of  its 
limbs.  Various  modifications  of  FeUdce  were  also  abundant,  the  most 
remarkable  in  the  Miocene  period  belonging  to  that  group  (Machcerodm 
or  Depranodon),  with  immensely  developeid  sabre-like  upper  canine 
teeth,  which  flourished  throughout  such  an  extensive  period  of  time  and 
in  so  many  parts  of  the  world  :  in  the  sub-Himalayan  region ;  in  Mio- 
cene and  Pliocene  epochs  in  various  parts  of  Europe,  and  almost  down 
to  recent  times  in  England,  as  we  know  by  the  teetii  found  in  Kent's 
Hole ;  in  South  America,  where  remains  of  its  largest  and  most 
poweifnl  form  {M.  neogcma)  have  been  found  in  the  caves  of  Brazil 
and  in  the  alluvial  plains  of  Buenos  Ayres ;  and  again  in  the  Miocene 
of  the  North  American  territories.  Why  this  form,  so  highly 
specialized  for  its  mode  of  life,  once  apparently  the  dominating  type 
of  the  whole  order  throughout  the  world,  should  have  entirely  dis- 
appeared, and  given  way  to  the  more  modestly  armed  modem  tigers 
and  leopards,  is  not  very  easy  to  explain.  We  may,  however,  be 
allowed  to  conjecture  that  it  may  have  been  a  case  of  over-specializa- 
tion, in  which  the  development  of  the  carnivorous  type  of  dentition, 
gradually  accumulating  in  intensity,  being,  up  to  a  certain  degree  at 
least,  advantageous  to  its  possessors,  be^une  at  last  by  successive 
inheritance  so  exaggerated  that  its  growth  outran  its  usefulness  of 
purpose,  and  the  enormous  teeth  thus  acquired  became  ultimately  less 
manageable  and  less  efficient  than  those  of  more  moderate  dimensions, 
and  hence  the  animals  possessing  them  were  in  the  contest  for 
existence  gradually  driven  out  and  superseded  by  those  which  at 
present  people  the  earth.  Such  appears  to  be  constantly  the  &te  of 
forms  which  become  over-specialized,  or  in  which  the  development 
of  one  part  has  run  on  in  one  particular  direction  out  of  due  propor- 
tion to  the  rest  of  the  organization.  We  know  that  it  is  quite  possible, 
by  artificial  selection,  to  produce  animals  with  one  particular  part 
developed  even  detrimentally  to  the  entire  economy  of  the  creature, 
and  it  really  seems  as  if  something  of  the  same  kind  not  unfrequently 
occurs  in  nature. 

From  the  time  of  the  extinction  of  the  sabre-toothed  cats  in  North 
America,  to  the  present  period,  other  forms  more  like  those  now 
existing  continued  to  prevail,  none,  however,  equalling  in  size  those  of 
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the  Old  World  lion  or  tiger ;  but  of  the  other  funilies  of  the  oamiTora 
hitherto  little  has  been  found.  UrndcB  and  MuiteUdcB^  except  in  Pleis- 
tocene deposits,  are  yery  rare ;  and,  what  is  more  remarkable,  remains 
that  can  with  certainty  be  referred  to  the  ProcyanidcB^  a  group  whose 
head-quarters  are  in  America,  have  not  been  met  with.  The  families 
which  were  previouslj  mentioned  as  not  now  existent  in  that  conti- 
nent are  equally  unknown  in  its  extinct  fauna. 

Perhaps  the  most  conspicuous,  both  on  account  of  their  colossal 
size  and  their  singular  conformation  and  habits,  of  the  animals  in- 
habiting the  American  continent  in  the  period  immediately  preceding 
the  one  in  which  we  now  live,  were  the  great  ground  sloths,  known  to 
us  familiarly  by  the  names  of  Megatherium^  Mylodon^  Megdlonyx,  &c. 
As  these  animals  are  peculiarly  American,  it  might  have  been  ex- 
pected that  when  the  earlier  formations  of  the  continent  on  which 
they  flourished  were  explored,  the  remains  of  similar  or  at  least  allied 
forms  would  have  been  brought  to  light.  But  hitherto  this  has  not 
been  the  case. 

Two  species  of  a  genus  (Morotherium,  Marsh)  allied  to  MegaUmyx 
and  Mylodan,  from  Pliocene  strata  in  Central  California  and  Idaho, 
have  been  described ;  but  it  is  a  most  remarkable  fiftct  that  not  a  frag- 
ment attributed  with  certainty  to  an  Edentate  animal  has  been  found 
in  any  Miocene  or  Eocene  deposit  on  the  North  American  continent, 
and  therefore  (if  this  negative  evidence  can  be  trusted)  we  shall  have 
to  look  elsewhere  (probably  to  the  Southern  American  continent),  iot 
the  region  which  gave  birth  to  these  mighty  creatures,  and  to  look 
upon  them  as  but  temporary  excursionists  into  the  Northern  portion 
of  the  continent  during  the  Pleistocene  epoch. 

On  the  other  hand,  numerous  species  of  the  orders  BodenHOj  In- 
sectivora^  and  even  ChiropterOj  and  some  attributed  to  the  MarsupiaUa, 
have  been  found  in  almost  all  the  hitherto  explored  fossiliferous  de- 
posits down  to  the  Eocenes.  Of  these,  time  will  not  suffice  to  give 
an  account,  and  this  is  less  important  as  it  is  difficult  to  draw  any 
general  conclusions  from  the  fragmentary  descriptions  of  them  whi<^ 
we  possess  at  present.  I  must,  however,  not  omit  to  call  attention  to 
two  recently  announced  discoveries,  which,  when  fully  worked  out, 
promise  results  of  considerable  interest. 

Professor  Leidy,  in  1868,  described  a  single  lower  molar  tooth 
from  a  Tertiary  formation,  supposed  to  be  Miocene,  of  Shark  Biver, 
Monmouth  County,  New  Jersey,  apparently  of  Ungulate  affinities,  and 
to  which  he  gave  the  name  of  Anchippodus  riparius.  Subsequently 
a  lower  jaw  of  very  anomalous  character,  from  the  Bridger  Eocene, 
with  large  rodent-like  perpetually  growing  incisors,  no  canines,  and 
bilobed  molars,  something  like  those  of  Palsdotherium,  was  described 
by  the  same  author  under  the  name  of  Trogomu  CMtaridens  ;  but  com- 
parison with  the  single  molar  from  New  Jersey  showed  so  close  a 
resemblance,  that  the  latter  name  was  withdrawn,  and  both  specimens 
referred  to  the  first  described,  or  Anehij^podus. 

Other  similar  forms  found  in  a  more  perfect  condition  have  been 
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described  by  Professor  Marsb,  who  at  a  meeting  of  the  Connecticut 
Academy,  Feb.  17,  1875,  suggested  that  as  they  could  be  included  in 
no  known  order  of  mammals,  they  should  be  placed  in  a  new  one,  for 
which  he  proposed  the  name  Tillodontia.* 

Fio.  3. 


Skull  of  ADchippodds  (Tilhtherium  fodiens,  Marsh),  h  from  Bianh, 
•  Am.  Joum.  Sci.  and  Art/  1876,  Plate  VIII. 

"  These  animals,"  Professor  Marsh  observes,  "  are  among  the  most 
remarkable  yet  discovered  in  American  strata,  and  seem  to  combine 
characters  of  several  distinct  groups,  viz.  Carnivores,  Ungulates,  and 
Rodents.  In  Tillotherium,  Marsh,  the  type  of  the  order,  the  skull  has 
the  same  general  form  as  in  the  bears ;  but  in  its  structure  resembles 
that  of  the  Ungulates.  The  molar  teeth  are  of  the  Ungulate  type,  the 
canines  are  small,  and  in  each  jaw  there  is  a  pair  of  large  scalpriform 
incisors  faced  with  enamel,  and  growing  from  persistent  pulps,  as  in 

2 
the  Bodenta    The  adult  dentition  is  as  follows :  Incisors,  ^ ;  canines, 

1  3  3 

Y ;  premolars,  jr ;  molars,  - .    The  articulation  of  the  lower  jaw  with 

the  skull  corresponds  to  that  in  Ungulates.  The  posterior  nares  open 
behind  the  last  upper  molars.  The  brain  was  small,  and  somewhat 
convoluted.    The  skeleton  most  resembles  that  of  carnivores,  especially 

♦  *  Am.  Journal  of  Science  and  Arts,'  vol.  ix.  March  1875 ;  Ibid.  March  1876, 
with  flgorea.  Professor  Cope  has  since  suggested  that  the  Tittodontia  should  form 
a  sub-order  of  Inaectivora. 
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the  UrsidcB;  but  the  scaphoid  and  lunar  bones  are  not  united,  and 
there  is  a  third  trochanter  on  the  femur.  The  radius  and  ulna,  and 
the  tibia  and  fibula  are  distinct.  The  feet  are  phmtigrade,  and  each 
had  five  digits,  all  terminated  with  long,  compressed,  and  pointed 
ungual  phalanges,  somewhat  similar  to  those  of  the  bears.  The  other 
genera  of  this  order  are  less  known,  but  all  apparently  had  the  same 
general  characters.  There  are  two  distinct  families,  TiUotheridoB 
(perhaps  identical  with  AnchippodentidcB)^  in  which  the  large  incisors 
grew  from  persistent  pulps,  while  the  molars  have  roots;  and  the 
SiylinodonUdoB,  in  which  all  the  teeth  are  rootless.  Some  of  the 
animals  of  this  group  were  as  large  as  a  tapir.  With  Hyrax  or 
the  Toxodontia  they  appear  to  have  no  near  affinities." 

The  second  recently  announced  discovery  to  which  I  alluded  is, 
that  a  considerable  number  of  fragments  of  teeth,  jaws,  and  bones 
from  the  American  Eocenes,  the  nature  of  which  for  some  time  was  an 
exceedingly  difficult  problem,  really  belong  to  a  low  form  of  the  great 
and  important  order  PrimcUea,  an  order  embracing  the  lemurs,  various 
species  of  monkeys,  and  culminating  in  man  himself,  and  which 
hitherto  has  not  been  known  with  any  certainty  (except  at  least  by 
some  equally  recent  discoveries  in  France)  to  have  existed  in  the 
Eocene  period.  The  evidence,  however,  on  which  this  announcement, 
made  almost  simultaneously  by  Professors  Marsh*  and  Cope,')'  rests, 
is  not  very  fully  before  the  world.  Already  more  than  fifteen  genera 
have  been  named  and  described,  which  are  assigned  to  this  group,  and 
their  characters  are  said  to  be  those  of  a  low  or  generalized  form  of 
lemur ;  while  some  are  compared  with  the  true  monkeys.  Far  more 
rigid  comparisons  and  carefully  balanced  deductions  are  required 
before  we  can  assign  their  various  species  to  their  correct  position, 
and  appreciate  their  bearings  upon  the  genetic  history  of  the  Primates. 
In  some  of  the  descriptions  at  present  before  us  lemur  and  monkey 
are  used  as  convertible  terms,  and  yet  those  who  have  studied  these 
groups  most  closely  are  ten  from  being  able  to  pronounce  upon  the  true 
relationship  even  of  the  existing  species,  and  some  even  doubt  whether 
they  ought  properly  to  be  associated  in  the  same  order.  But  this  is 
far  too  large  a  subject  to  discuss  in  aU  its  bearings  at  the  dose  of  a 
discourse.  I  can  only  indicate  it  as  one  which  may  have  much  light 
thrown  upon  it  by  the  researches  of  American  paleontologists. 

I  can  say  nothing  now  of  what  is  being  done  by  the  same  persons, 
in  the  same  regions  of  the  world,  with  regard  to  other  classes  of  ani- 
mals than  the  one  I  have  hitherto  been  speaking  of.  But  the  great 
and  important  discoveries  of  new  forms  and  new  links  between  old 
forms  have  not  been  confined  to  the  mammalia  alone.  The  know- 
ledge of  the  past  history  of  birds,  reptiles,  and  of  fishes  has  likewise 

*  *  Am.  Joum.  Sol  and  Artu,*  vol.  v.  p.  405,  Nov.  1872. 

t  <  Proo.  Amer.  Philoe.  Soo.'  1872,  p.  554.  See  also  Cope,  **  On  the  PrimitiTe 
Types  of  the  Orders  of  the  Mammalia  Educabilia,"  '  Am.  Philos.  Soc'  April  18, 
1873;  and  Marsh,  *  Am.  Joum.  Sci.  and  Arts,'  vol.  ix.  Iklarch  1875. 
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been  greatlj  enlarged.  The  very  remarkable  discovery  of  Odon- 
tomitbes,  or  birds  with  true  teeth  and  other  reptilian  ohiuracters,  has 
been  made.  Numbers  of  new  invertebrates,  and  a  whole  world  of  new 
fossil  plants,  have  been  brought  to  light. 

Apart  from  the  special  interest  of  the  individaal  results,  some  few 
only  of  which  I  have  been  able  to  bring  before  your  notice  this 
evening,  the  contemplation  of  what  has  been  done  in  American 
palfeontology  in  the  last  few  years  teaches  us, — First,  that  the  living 
world  aroxmd  us  at  the  present  moment  bears  but  an  exceedingly 
small  proportion  to  the  whole  series  of  animal  and  vegetable  forms 
which  have  existed  in  past  ages.  Secondly,  that,  notwithstanding  all 
that  has  been  said,  and  most  justly  said,  of  the  necessary  imperfection 
of  the  geological  record,  we  may  hope  that  there  is  still  so  much  pre- 
served that  the  study  of  the  course  of  events  which  have  led  up  to 
the  present  condition  of  life  on  the  globe,  may  have  a  great  future 
before  it. 

[W.  H.  F.] 
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WEEBXT  EVENING  MEETING, 

Friday,  March  17,  1876. 

Sib  Fbedebigk  Pollooe,  Bart.  M.A.  in  the  Chair. 

Sib  Henbt  Stjmneb  MAims,  E.O.S.I. 

The  State  ofFeiidal  Property  in  England  and  France  on  the  Eve  of 
the  first  French  BevoltUion.* 

The  speaker  began  with  remarks  on  the  neglect  of  the  proyincial 
"  cahiers,"  or  memorials,  by  French  historical  writers  on  the  first  revo- 
Intion,  adding  that  the  examination  of  some  of  them  by  MM!.  Ghassin, 
Dooiol,  and  Taine,  and  the  publication  of  some  by  M.  Pmdhomme, 
had  already  led  to  considerable  results,  especially  by  throwing  more 
light  on  the  causes  of  the  hostility  of  the  cultivating  peasantry  to  the 
territorial  nobility  in  all  France,  except  in  the  western  provinces, 
such  as  Brittany  and  Anjou.  The  complicity  of  the  peasants  with 
the  reign  of  terror  was  shown  to  be  connected  with  a  wish  to  preserve 
great  advantages  obtained  at  the  very  period  when  Franoe  became 
a  republic ;  and  their  object  in  setting  fire  to  a  ch&teau  was  to  destroy 
the  title-deeds  of  the  seigneur  of  the  fief. 

The  French  nobles  and  gentry  were  everywhere  engaged  in  un- 
ceasing litigation  with  the  peasantry ;  and  they  had  little  or  no  analogy 
to  a  landed  aristocracy.  Few  had  great  estates,  and  the  largest  part 
of  them  had  little  or  no  land  let  for  rent  to  tenants  at  will,  or  lessees, 
but  lived  on  the  money  produce  of  the  small  incidental  services 
due  from  owners  of  land  held,  as  we  should  say,  on  copyhold  to  the  lord 
of  the  manor.  They  received  fines,  and  had  monopolies  and  various 
nondescript  sources  of  income ;  and  concerning  the  legal  foundation 
of  these  privileges  a  strong  controversy  was  proceeding  during  the  half- 
century  preceding  the  Bevolution.  The  first  or  constituent  assembly 
swept  away  the  greatest  part  of  the  feudal  dues,  with  compensation  for 
part;  the  second,  or  legislative  assembly,  abolished  the  residue  and 
withdrew  the  compensation ;  the  third,  the  convention,  was  zealously 
supported  by  the  peasantry,  through  a  desire  to  retain  what  had  been 
gained. 

The  speaker,  before  considering  the  question,  whether  the  Bevolu- 
tion took  place  because  a  great  part  of  the  soil  of  France  was  held  on 
copyhold  tenure,  demonstrated  tiie  fallacy  of  the  popular  notion  that 

*  This  difloourse  will  be  eventually  published  in  full  by  the  author. 
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at  the  Norman  conqaest  the  land  of  England  was  divided  among  a 
nmnher  of  feudal  lords,  who  parcelled  it  among  their  followers ;  to 
some  for  homage  and  military  service,  the  rest  being  cultivated  by 
their  serfs  or  villeins,  a  slavish  class,  from  whose  holdings  our  copy- 
hold tenure  has  descended. 

After  reference  to  the  Teutonic  irruption  and  its  results,  and  to 
the  dissolution  of  the  Carl6vingian  empire,  when  the  feudal  world  was 
at  last  constituted,  it  was  shown  that  all  feudal  society  was  a  repro- 
duction of  a  single  typical  form.  This  unit  consisted  of  a  group  of 
men  settled  on  a  de&iite  space  of  land,  forming  in  England  a  manor, 
in  France  a  fief^  having  at  its  head  respectively  a  lord  with  his  court 
baron,  or  a  seigneur  with  his  seignorial  court  Under  these,  first,  were 
the  fifee  tenants,  doing  military  service  and  giving  their  opinion  on 
judicial  and  other  matters  when  required ;  but  the  greatest  part  of  the 
land  was  in  the  hands  of  the  villeins,  who  owed  to  the  lord  all  sorts 
of  taxes,  dues,  and  personal  labour,  but  were  never  precisely  slaves, 
but  always  in  a  sense  landed  proprietors.  Their  condition  was  a 
doee  counterpart  to  that  of  the  Bussian  serfs,  who  were  permitted  by 
the  present  emperor,  some  years  ago,  to  commute  their  personal  ser- 
vices for  money,  and  became  owners  of  the  largest  part  of  the  village 
lands.  The  king  of  France  was,  as  it  were,  lord  of  an  exalted 
manor,  and  his  free  tenants  were  the  dukes  of  Normandy,  Burgundy, 
and  similar  dignitaries.  This  system  was  reproduced  in  England, 
with  a  difference.  The  more  powerful  Anglo-Norman  kings  allowed 
no  one  to  be  absolutely  interposed  between  themselves  and  their 
subjects ;  they  exacted  fealty  and  military  service  from  all  English- 
men. 

Why,  then,  did  the  transformation  of  the  fief  in  pne  country  end 
in  a  revolution,  in  the  other  end  in  a  somewhat  inconvenient  form 
of  landed  prepay  ?  In  regard  to  this  question  the  speaker  compared 
the  state  of  feudal  tenures  in  France  just  before  the  Bevolution, 
described  by  Arthur  Toung,  with  the  evidence  laid  before  the  Copy- 
hold Committee  of  the  House  of  Commons  in  1851,  commenting  on 
their  surprisingly  close  analogy.  He  showed,  on  the  evidence  of 
Boger  North,  that  the  grievances  of  copyholders  were  considerable  in 
the  seventeenth  century ;  but  he  expressed  his  opinion  that  if  all 
copyholds  were  nowadays  enfranchised  it  would  be  principally  because 
they  are  an  obstacle  to  agricultural  improvement  He  then  showed 
that  one  powerful  cause  of  the  different  issue  in  the  two  countries 
was  the  distinction  in  their  judicial  organization.  In  both  a  con- 
siderable part  of  the  popular  law  was  administered  by  local  courts, 
controlled  by  higher  tribunals.  Those  in  France  were  the  "  parlia- 
ments," having  much  independence  of  spirit,  while  the  justice  ad- 
ministered in  English  courts  was,  from  very  early  times,  more 
emphatically  than  in  other  countries,  the  "king's  justice."  The 
EngUsh  bench  was  nominated  by  the  king,  and  might  be  filled  with 
his  creatures,  but  the  seats  in  a  French  parliament  were  either 
purchased  or  inherited.    The  parliaments  were  never  the  sovereign's 
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servile  instruments  or  pliant  nominees.  The  principal  difference 
appears  to  have  been  this,  that  the  French  superior  courts  always 
inclined  towards  extending,  the  English  superior  courts  to  restricting, 
the  area  of  the  land  held  on  tenures  diroctlj  traceable  to  ancient 
villeinage.  By  the  middle  of  the  seventeenth  century,  as  Roger 
North  says,  "most  manors  in  England  were  more  than  half  lost" 
Just  the  contrary  occurred  in  France.  Again,  in  England  the  land- 
owners became  richer  through  the  acquisition  of  waste  lands  as 
pasture,  and  the  production  of  wool;  while  in  France  the  noblesse, 
impoverished  through  a  court  life,  seem  never  to  have  been  able  to 
buy  up  the  holdings  of  their  former  villeins.  It  is  a  most  vulgar  error 
to  suppose  that  small  properties  in  France  date  from  the  Bevolution ; 
since  Arthur  Toung  immediately  before  it  expresses  himself  as  amazed 
at  their  multitude,  which  was  still  increasing.  As  an  illustration  of 
the  exasperating  system  to  which  the  holders  were  subject,  refereuce 
was  made  to  Caleb  Balderstone's  raids,  described  in  '  The  Bride  of 
Lammermoor.'  In  England,  on  the  other  hand,  the  bulk  of  the  class 
corresponding  to  the  French  peasantry  consisted  of  agricultural 
labourers  or  tenant  formers,  never  politically  dangerous.  The  English 
oopyholders  and  French  peasants,  it  was  said,  were  not  hirers,  but 
owners  of  land;  and  in  the  sixteenth  and  seventeenth  centuries 
English  oopyholders  frequently  impaired  their  legal  condition  by 
accepting  leases.  Another  cause  of  difference  was  the  transfer  of  land 
by  purchase  and  sale  through  the  unusual  feudlities  more  frequent 
in  England  than  elsewhere.  The  sacredness  of  contract  was  one  of 
the  fcmdamental  ideas  of  the  French  philosophical  creed,  and  it 
strongly  influenced  the  proceedings  by  which  the  manorial  rights  of 
the  IVench  nobles  wei^  taken  away.  At  first  it  was  intended  that 
they  should  receive  compensation  for  the  loss  of  such  of  their  rights 
as  originated  in  agreement ;  but  it  was  as  much  as  they  could  do  to 
save  fiieir  lives.  Though  there  is  no  reason  for  supposing  that 
manorial  rights  originated  in  violence,  yet  there  is  equally  little  for 
supposing  that  they  originated  in  agreement  In  England,  on  the 
contrary,  the  titles  of  the  lord  of  the  manor  and  of  the  copyholder 
were  more  deeply  rooted  in  agreement  than  in  any  other  deeply 
feudalized  country.  The  lord  had  often  purchased  his  rights,  the 
copyholder  had  constantly  obtained  his  land,  subject  to  manorial 
rights,  by  purchase  from  somebody  else; 

In  concluding,  the  speaker  said  that  he  did  not  wish  it  to  be 
understood  that  tiie  contrast  between  the  smn  of  feudal  obligations 
and  rights  taken  in  England  and  France  is  wholly  to  be  explained 
by  the  causes  analyzed  in  his  discourse,  but  this  set  of  causes  appeared 
to  him  to  have  been  kept  too  much  in  the  background. 
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WEEKLY  EVENING  MEETING, 
Friday,  Marcli  24, 1876. 

William  Spottiswoode,  Esq.  LL.D.  M.A.  Treas.  RS. 
Secretary  and  Yioe-President,  in  the  Chair. 

T.  MoE.  HuoHSS,  Esq.  M.A. 

WOODWABDIAV  PBOVnaOB  OV  OBOLOOT,  CAMBSIDQK. 

Oeclogieod  Measures  of  Time. 

Ths  speaker,  in  considering  the  methods  which  have  been  employed 
in  attempting  to  estimate  the  absolute  age  of  geological  phenomena, 
grouped  them  under  two  principal  heads, — ^I.  Astronomical,  and  IL 
Geological. 

I.  Those  in  which  an  appeal  was  made  to  astronomical  causes, 
such  as, — A.  Limitationa  (a)  of  the  period  during  which,  assuming 
many  things  unchanged,  the  sun  can  have  continued  to  giye  its  heat 
and  Ught  to  the  earth ;  (fi)  of  the  time  it  would  take  the  earth  to 
cool  down  to  its  present  state. 

With  regard  to  the  first  (a),  he  remarked  that,  as  astronomers 
allowed  from  three  to  five  hxmdred  millions  of  years,  he  had  no  reason 
to  say  that  geology  required  more :  at  any  rate,  it  did  not  seem  to 
be  csdled  for  by  anything  that  would  come  under  consideration  that 
evening. 

With  regard  to  the  second  (P),  he  pointed  out  that  it  belonged  to 
what  might  be  called  the  pre-historic  period  of  geology;  for  we 
cannot  say  that  we  have  any  record  of  a  molten  earth.  Lakes  of 
molten  matter  at  no  great  depth,  or  zones  of  heated  matter  ready  to 
become  molten  when  some  of  the  pressure  is  removed,  will  do  for  us. 

Why  and  how  heated  also  we  have  no  evidence  to  show — chemical 
reactions,  or  the  irregular  cooling  from  original  high  temperature  of 
a  mass  of  unequal. conductivity  will  equally  well  explain  aU  we  see — 
and  the  difference  in  this  respect  between  a  loose  volcanic  ash  and  the 
same  ash  consolidated  and  metamorphosed  into  a  hard  clinking  felstone 
may  well  teach  us  caution  in  receiving  speculations  founded  upon  the 
rate  of  passage  of  heat  through  large  and  necessarily  unexplored  masses 
of  the  earth's  crust. 

Yet  he  felt  that  it  is  to  the  physicist  we  must  look  for  the  next 
great  advance  in  geology.  Only  the  physicist  must  leave  us  an  earth 
that  within  the  whole  period  of  which  we  have  any  record  in  the 
rocks  has  been  under  conditions  which,  though  locally  changing,  have 
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been  on  the  whole  similar  to  those  which  now  obtain — ^whose  orost  has 
been  always  capable  of  an  ontside  crumpling  sufficient  to  cause  at  least 
twenty  mUes  continuous  vertical  displacement  in  one  area. 

B.  The  other  method  of  measuring  geological  time  by  an  appeal 
to  astronomy,  is  by  correlating  the  periods  of  Imown  astronomical  com- 
binations with  episodes  in  our  eartii*s  history.  This  seems  a  fair  and 
promising  field  of  inquiry,  but  it  has  been  pushed  too  &r  beyond  the 
region  of  facts  into  that  of  hypothesis  to  be  of  much  value  at  present. 
For  these  speculations  practic^y  depend  (a)  upon  the  establishment 
as  a  fact  that  astronomical  combinations,  such  as  the  coincidence  of 
the  extreme  of  excentricity  of  the  earth's  orbit  with  the  extreme  of 
obliquity  of  the  earth's  axis,  would  produce  excessive  cold  or  heat  in 
the  northern  or  southern  hemisphere  as  the  case  might  require,  or 
would  produce  such  extremes  in  the  seasons  as  would  result  in  glacial 
conditions  owing  to  the  summer's  sun  being  xmable  to  undo  the 
winter's  frost,  or  would  produce  much  effect  worth  mentioning  if  un- 
aided by  favourable  geographical  arrangements  of  land  and  water,  or 
would  produce  any  effect  at  all  that  might  not  be  negleeted  in  such 
inquiries  owing  to  the  certainty  that  it  might  be  entire^  counteracted 
by  such  small  geographical  changes  as  we  know  are  oontinualLy 
going  on. 

But  astronomers  and  physicists  tell  us,  with  regard  to  the  effect  of 
such  combinations,  that  the  difference  of  mean  temperature  under  any 
circumstances  that  we  have  to  do  with  would  be  trifling  compared 
with  the  difference  of  climate  produced  to-day  by  geographical  causes, 
such  as  give  us,  in  the  southern  hemisphere,  tiie  land  of  the  humming- 
bird in  South  Georgia  on  the  same  latitude  as  the  ice-bitten  hills  of 
Tierra  del  Fuego,  and,  in  the  northern  hemisphere,  the  coasts  of 
Norway  and  NorUi  Britain  on  the  same  latitude  as  Greenland  and 
Labrador. 

It  is,  however,  allowed  that  such  combinations  might  produce  an 
appreciable  effect  in  intensifying  or  mitigating  extremes  of  tempera- 
ture in  the  winter  and  summer. 

So  that  now  they  leave  us  in  this  position,  that  if  we  can  show 
any  periodicity  in  the  recurrence  of  certain  geographical  arrange- 
ments of  land  and  water,  then  if  the  astronomical  combinations  which 
tended  to  produce  the  same  effect  coincided  with  this  we  should  have 
a  greater  result  That  is  obvious.  But  there  is  no  known  law  as  to 
the  proportion  of  land  to  water  in  any  successive  periods ;  and  i^  for 
instance,  the  astronomical  causes  which  tended  most  to  intensify 
winter's  cold  coincided  with  a  period  when  we  had  half  land  within 
the  Arctic  circle,  how  could  that  period  be  distinguished  simply  by 
effects  produced  from  a  previous  period,  during  which  perhaps  tluee- 
fourths  of  the  regions  within  the  Arctic  circle  was  land,  and  the 
astronomical  causes  tended  to  produce  quite  an  opposite  result  ? 

)S.  But  there  is  a  still  more  serious  objection  to  this  method  of 
measuring  time — one  founded  more  exclusively  upon  geology.  It 
of  course  assumes  that  we  have  fixed  the  exact  position  in  the  earth's 


Digitized  by  VjOOQIC 


1876.]  on  Oealogical  Meoiures  of  Time.  131 

history  of  ihe  episode  which  we  are  trying  to  make  fit  in  with 
astronomical  cycles. 

To  giTe  some  examples  of  the  kind  of  evidence  npon  which  this 
depends.  We  know  of,  at  any  rate,  two  periods — the  Carboniferous  and 
Miocene — ^represented  in  the  rocks  of  the  Arctic  regions,  daring 
which,  if  we  may  assnme  that  the  habits  and  requirements  of  plants 
and  animals  were  the  same  as  those  of  their  nearest  living  allies 
appear  to  be,  there  must  have  been  a  warmer  climate  there  than  now 
prevails.  iSrevions  to  late  experience  we  shonld  have  said  the  same 
on  finding  the  bones  of  the  mammoth  and  woolly  rhinoceros  in  far 
northern  regions.  It  might  have  appeared  difficult  to  explain  the 
occurrence  cmP  evergreen  plants  whefe  tiiere  is  four  months'  night,  did 
we  not  know  that  the  Alpine  roses,  a  small  kind  of  rhododendron, 
were  buried  for  at  least  fonr  months  a  year  under  snow  so  deep  that 
they  must  be  in  total  darkness,  and  yet  they  come  out  green. 
Were  the  fauna  and  flora  of  Australia  of  to-day  found  only  fossil, 
we  should  bracket  the  beds  in  which  they  occurred  as  closely  with 
the  Jurassic  as  with  our  own  deposits  of  i*ecent  age.  We  must  not 
push  that  kind  of  evidence,  depending  upon  analogy  of  form,  too  fieur, 
or  infer  that  southern  forms  could  not,  with  very  slight  modification 
of  structure,  be  adapted  for  a  more  northern  dime,  especially  if  it 
also  is  tempered  by  such  geographical  changes  as  we  have  a  right 
to  assume  possible  and  probable  from  an  examination  of  the  earth's 
sor&oe  at  ilie  present  day. 

On  the  other  hand,  it  is  easy  to  prove  that  over  a  given  area  in 
southern  latitudes  a  severe  Arctic  climate  once  prevailed.  The 
grinding  ice  leaves  much  clearer  evidence  of  its  former  presence  than 
does  the  genial  warmth  of  the  summer's  sun. 

We  are  therefore  quite  justified  in  taking  as  proved  that  in 
England,  and  indeed  over  the  whole  of  Northern  Europe, — in  fact, 
over  the  whole  of  the  northern  hemisphere, — ^there  was  in  late  geo- 
logical times  a  climate  like  that  of  Greenland. 

But  even  if  astronomers  and  physicists  allowed  us  to  speculate  on 
astronomical  combinations,  which  would  account  for  such  changes  of 
temperature  at  the  same  time  over  the  whole  of  one  hemisphere,  we 
have  no  right  whatever  to  assume  that  all  the  various  phenomena  of 
extreme  glaoiation  which  we  observe  here  and  there  and  everywhere 
over  the  northern  hemisphere,  were  produced  at  the  same  time,  or 
anything  near  the  same  time.  As  soon  as  there  was  land  lifted 
above  the  waters  anywhere,  rain  and  rivers  began  to  cut  out  valleys 
and  form  alluvium.  In  like  manner,  as  soon  as  anywhere  there  was 
land  raised  above  the  mow  line  (no  matter  what  may  have  determined 
the  snow  line  for  that  particular  area),  snow  fields  and  soon  glacier 
ice  must  have  been  formed. 

Of  course,  those  examples  which  we  can  examine  are  generally  the 
more  recent,  or,  in  the  case  of  ice  scratches,  those  that  have  been 
covered  up ;  yet  there  is  no  more  reason  for  speaking  of  a  Glacial 
Period  than  there  is  for  speaking  of  an  Alluvial  Period,  the  agency  of 
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glaciers  or  of  riyers  haying  come  into  operation  wherever  and  when- 
ever suitable  conditions  for  either  appearod. 

Palsdontology  hy  itself  does  not  famish  any  exact  measare  of  time, 
but  we  mnst  refer  to  it  for  the  interpretation  of  some  other  phenomena 
that  are  appealed  to  in  snch  speculations. 

Local  divisions  of  the  post-pliocene,  and  especially  the  glacial 
deposits,  were  founded  chiefly  upon  the  differences  in  the  life  of  the 
period  known  to  depend  upon  climate ;  but  no  classification  of  the 
whole  has  been  made  ont,  such  as  would  enable  us  to  say  whether 
the  fauna  of  a  cold  period  here  was  or  was  not  synchronous  with  that 
of  a  warm  period  elsewhere. 

Not  only  through  the  later  periods,  among  which  that  known  as 
the  glacial  period  occurs,  but  idso  through  eSl  the  periods  we  have 
recorded  in  ihe  rocks,  we  have  no  evidence  of  an  entire  extinction  of 
old  forms  at  any  one  time,  but  there  is  always  an  overlap,  many 
forms,  if  not  identical  with  those  in  the  older  rocks,  at  any  rate  ana- 
logous to  them,  appearing  in  the  newer.  Now  this  is  hardly  possible 
if  the  extreme  view  that  the  ice  from  north  and  south  almost  met  in 
equatorial  regions  be  true.  The  supposition  that  the  northern  fauna 
and  flora  retreated  up  to  the  tops  of  the  hills,  or  lingered  along  the 
margin  of  the  ice  sheets,  and  that  the  space  between  the  two  was  still 
warm  enough  to  keep  alive  tropical  forms,  does  not  commend  itself 
to  our  judgment.  The  occurrence  of  Alpine  flora  on  the  high  moun- 
tains in  southern  regions  can  be  explained  just  as  easily  by  reference 
to  local  and  limited  ice  sheets  as  by  the  hypothesis  of  a  great  ice 
sheet  proceeding  from  the  poles. 

The  great  glacial  ice,  of  which  we  have  evidence  remaining  in  the 
northern  hemisphere,  has  probably  been  now  here,  now  there,  through 
all  the  periods  from  the  Crag  to  our  own  time,  when  it  is  strongly  de- 
veloped in  Greenland.  And  the  reason  why  we  are  not  so  likely  to 
find  traces  of  it  going  back  to  remote  ages  is,  that  denudation  must  in 
a  long  period  remove  such  thin  local  deposits  where  they  have  not 
been  submerged  and  covered  up,  and  of  course  what  we  see  is  more 
likely  to  belong  to  the  period  of  later  emergence  than  of  subsidence. 

As  for  any  difficulty  arising  from  the  rapidity  of  movements  of 
elevation  and  depression  of  the  earth's  surface  involved  in  this  view, 
we  need  only  refer  to  the  almost  recent  shell-beds  of  Uddevalla  and 
other  places  in  Scandinavia,  and  in  our  own  country  to  the  evidence 
afforded  by  the  shells  of  Macclesfield  and  Moel  Tryfiien  for  proofs  of 
upheavals  up  to  at  least  a  quarter  of  a  mile  verti(»l  since  the  glacial 
period  of  those  places — and  surely  since  the  deposition  of  the  Crag 
we  may  have  had  time  enough  for  ten  times  that  amount  of  dis- 
placement. 

In  the  early  days  of  science,  when  recent  sea  shells  were  found  fetr 
inland,  and  fossil  shells  imbedded  in  the  rooks  of  the  mountain  iops,  the 
whole  was  often  referred  to  one  great  deluge.  The  extreme  glacialists 
are  doing  much  the  same  now.  Not  having  yet  sufficient  knowledge  to 
discriminate  between  the  periods  when  in  each  locality  glacial  condi- 
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tions  prevailed,  tiiej  refer  the  whole  to  one  great  glacial  epoch ;  while 
the  fikct  that  it  was  not  oontinnons  is  bo  dear  that  they  are  obliged  to 
invent  intergladal  periods  to  explain  the  phenomena. 

n.  The  more  exolnsiTely  terrestrial  phenomena,  which  have  been 
appealed  to  as  evidence  of  the  age  of  depositSy  may  be  divided  into, — 
A.  Palieontological,  and  B.  Geographical 

A.  The  belief  in  the  greater  or  shorter  lapse  of  time  that  has 
taken  place  between  two  periods  of  the  world's  history,  which  is 
founded  on  the  amount  of  change  that  has  taken  place  in  the  life  of 
the  period,  is  only  a  vague  impression,  of  different  weight  in  different 
minds,  according  as  they  have  had  brought  more  constantly  before 
them  the  fiicility  with  which,  by  artificial  selection,  varieties  may  be 
fixed,  or,  on  the  other  hand,  how  constant  nature  is  to  tiie  old  types 
when  conditions  remain  the  same;  and  no  exact  measure  has  been 
attempted  from  such  data. 

B.  There  are  measures  of  time  founded  on  observation  of  geo« 
graphical  changes.    Such  as  those  due 

ou  To  accumulation  of  deposits, 
fi.  To  removal  of  matter. 

cu  Deposits  are  either  (i)  chemical,  (ii)  organic,  or  (iii)  mechanical. 
Under  (i)  we  have  what  is  known  as  calcareous  tuff,  travertine, 
stahictite,  or  stalagmite.  In  the  case  of  caves  and  petri^nbog  spring, 
the  acidulated  water  is  always  either  enlarging  or  stopping  up  its 
channels,  and  so  the  deposition  of  travertine  in  the  same  cave  and  on 
the  same  part  of  the  cave  must,  from  the  nature  of  the  case,  vary 
continually ;  and  the  conditions  upon  which  the  variation  depends 
must,  as  fiur  as  we  can  see  at  present,  remain  undetermined  and  inde- 
terminable. 

There  are  cases  in  which  a  period  of  time  ma^  with  greater 
approximation  to  accuracy  be  measured  by  the  deposition  of  traver- 
tine, when,  for  instance,  the  water  from  a  drainage  area  of  known 
extent  is  all  carried  through  one  channeL  There,  as  the  quantity  of 
water  falling  over  the  whole  area  is  probably  nearly  constant  within 
recent  times,  and  a  new  opening  here  makes  up  for  a  choked  channel 
there,  the  average  is  pretty  well  kept  up. 

For  example,  the  grand  Boman  aqueduct  seen  at  the  Pont  du  Gard 
near  Avignon  is  lined  to  a  thickness  of  about  14  inches  with  travertine. 
This  was  probably  done  in  about  eight  hundred  years ;  but  even  in 
this  case,  as  the  lining  of  travertine  increased,  either  less  water  must 
have  flowed  along  the  aqueduct,  or  it  must  have  run  with  greater 
velocity — ^both  circumstances  affecting  the  rate  of  deposit  But  when 
we  are  dealing  with  antiquity  so  vast  as  that  to  which  we  are  pro- 
bably carried  back  by  the  record  of  the  caves,  we  have  no  right  to 
assume  even  the  constancy  of  climatal  conditions  or  of  land  level. 

(ii)  Next  considering  the  rate  of  accumulation  of  organic  deposits, 
the  speaker  confined  himself,  as  in  all  the  other  cases,  to  such  as  have 
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been  employed  as  an  exact  measore  of  tune,  of  which  use  he  gave 
examples  in  each  case. 

He  explained  the  growth  of  peat,  pointing  out  that  there  are  two 
kinds  of  peat,  that  which  is  formed  in  water,  as  in  mountain  tains  or 
old  riTer-courses,  and  the  peat  that  grows  all  oyer  the  slopes  of  moor- 
lands high  and  low.  The  first  is  partly  formed  from  drifted  vegetable 
matter  in  the  deeper  parts,  and  from  the  decay  of  plants  that  grow  on 
the  spot  all  ronnd  the  margin,  which  therefore  encroaches  rapidly. 
Here  at  the  ontset  we  meet  with  a  sonrce  of  error.  The  rate  is  yery 
different  in  these  two  cases,  the  quantity  of  vegetable  matter  that 
drifts  &r  in  being  generally  very  small.  On  the  hillsides  the  growth 
is  to  be  referred  abnost  entirely  to  two  or  three  species  of  moss,  and 
in  a  smaller  degree  to  the  heather  and  other  plants.  As  the  lower 
part  of  the  mosses  sphagnum  and  hypnum  decay  away  and  add 
to  the  layer  of  peat  below,  the  upper  part  grows  on,  and  so  a 
thick  layer  of  vegetable  matter  is  at  length  accumulated.  Work- 
men tell  us  that  when  they  have  dug  a  trench  into  a  peat  moss,  if  they 
leave  it  alone  it  fills  up  again,  or  as  they  would  say,  the  peat  grows 
again.  This  happens  when  the  peat  is  apt  during  some  seasons  to  be 
full  of  water,  so  as  to  become  a  kind  of  slush  or  ooze.  It  is  perfectly 
clear  that  the  apparent  rate  of  accumulation  where  such  filling  in 
occurs  must  often  be  deceptive.  A  good  example  of  a  similar  thing 
happening  on  a  large  scale  in  nature  is  the  case  of  the  Solway  moss, 
and  many  other  instances  as  recorded  by  LyeU. 

So  we  see  that  while  the  peat  is  being  formed  it  is  subject  to  all 
kinds  of  variations,  and  when  it  has  been  formed  it  is  liable  to  be 
soaked  with  water  and  run,  destroying  the  value  of  all  evidence 
to  be  derived  from  any  observation  on  its  rate  of  growth  elsewhere. 

(iii)  It  is  not  often  that  we  can  in  the  study  of  geology  get  the 
advantages  of  experiment  to  test  theories  by,  and  our  observations  of 
nature  are  often  extended  over  too  wide  a  range  of  time  and  space ;  but 
in  the  case  of  the  accumulation  of  ordinary  sedunent,  as  in  the  case  of  the 
peat,  we  have  artificial  operations  to  appeal  to,  where  results  produced 
rapidly  help  us  to  understand  the  larger  and  slower  operations  of  nature. 
In  the  north  of  England,  principally  along  the  Humber  and  its  tribu- 
taries, there  is  a  system  of  improving  and  restoring  the  land  near  the 
rivers  by  a  process  known  as  ''  warping,"  L  e.  laying  on  the  silt  sus- 
pended in  the  tidal  waters  over  large  tracts  of  low-lying  lands,  whidi 
thus  become  raised  in  a  few  years  many  feet  above  their  natural  level. 

He  explained  the  great  variations  in  thickness  and  character  of 
deposit  produced  by  these  artificial  means,  and  also  by  natural 
operations  in  that  same  district,  and  pointed  out  as  a  result  of  such 
obseWations  how  unsafe  it  is  to  measure  time  by  the  accumulation  of 
sediment  on  the  low  lands  near  the  mouth  of  a  great  river. 

Similarly  from  examples  quoted  of  the  effects  of  thunderstorms 
and  sudden  floods  observed  by  himself  in  various  places,  he  pointed 
out  the  great  irregularity  of  the  accumulation  of  torrent  debris  and 
river  gravels. 
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j3.  Another  method  of  estiinatmg  the  lapse  of  time  is  fomided 
upon  the  sappoeed  rate  at  which  riyers  Bcoop  out  their  channels, 
^though  no  very  exact  estimates  have  been  attempted,  still  the 
immense  quantity  of  work  that  has  been  done  as  compared  with 
the  slow  rate  at  which  a  river  is  now  excavating  that  same  part  of 
the  valley  is  often  appealed  to  as  a  proof  of  a  very  great  lapse  of 
time. 

The  fiict  of  sach  an  enormous  lapse  of  time  is  not  questioned, 
but  this  part  of  the  evidence  is  challenged. 

The  previous  considerations  of  the  rate  of  accumulation  of  silt  on 
the  low  lands  prepares  us  to  inquire  whether  there  is  any  waste  at  all 
along  the  alluvial  plains.  Several  examples  were  given  to  show  that 
the  Towering  of  valleys  was  brought  about  by  re^dding  rapids  and 
waterfalls ;  for  instance,  followiug  up  the  Elune,  its  terraces  could 
often  be  traced  back  to  where  the  waterfall  was  seen  to  produce  at 
once  almost  all  the  difference  of  level  between  the  river  reaches  above 
and  below  it  At  Schaffhausen  the  river  terrace  below  the  hotel  could 
be  traced  back  and  found  to  be  continuous  with  the  river  margin 
above  the  &11.  The  wide  plains  occurring  here  and  there,  such  as 
the  Mayence  basin,  were  due  to  the  river  being  arrested  by  the  hard 
rocks  of  the  gorges  below  Bingen  so  long  that  it  had  time  to  wind 
firom  side  to  side  through  the  soft  rocks  above  the  gorges.  When 
waterfEdls  cut  back  to  such  basins  or  to  lakes  they  would  recede 
rapidly,  tapping  the  waters  of  the  lake,  eating  back  the  soft  beds  of 
the  alluvial  plains,  and  probably  in  both  cases  leaving  terraces  as 
evidence  not  of  upheavals  or  of  convulsions,  but  of  the  arrival  of  a 
wator&ll  which  had  been  gradually  travelling  up  the  valley.  So 
when  the  Hhone  cuts  back  from  the  &lls  at  Belgarde  we  shall  have 
terraces  where  now  is  the  shore  of  Geneva ;  so  also  when  the  &lls  of 
Schaffhausen  and  ages  afterwards  when  the  falls  of  Laufehburg  have 
tapped  the  lake  of  Constance,  there  will  be  terraces  markmg  its 
previous  levels.  And  so  we  may  explain  the  former  greater  extent  of 
the  lake  of  Zurich,  which  stood  higher  and  spread  wider  by  Utznach 
and  Wetadkon  before  it  was  tapped  by  the  arrival  of  waterfalls  which 
cut  back  into  it  and  let  its  waters  run  off  until  they  fell  to  their 
present  level. 

A  small  upheaval  near  the  mouth  of  a  river  would  have  a  similar 
effdct.  The  Thames  below  London,  and  the  Somme  below  St.  Acheul, 
can  now  only  just  hand  on  the  mud  brought  down  from  higher  ground ; 
but  suppose  an  elevation  of  a  hundred  feet  over  those  parts  of  England 
and  France  (quite  imperceptible  if  extended  over  10,000, 1000,  or  even 
100  years),  and  the  rivers  would  tumble  over  soft  mud  and  day  and 
chalk,  and  soon  eat  their  way  back  from  Sheppey  to  London,  and  from 
St  Yalery  to  Amiens. 

So  when  we  want  to  estimate  the  age  of  the  gravels  on  the  top  of 
the  cliff  at  the  Beculvers,  or  on  the  edge  of  the  plateau  at  St  Acheul, 
we  have  to  ask  not  how  long  would  it  take  the  rivers  to  cut  down  to 
their  present  level  from  the  height  of  those  gravels  at  the  rate  at 
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which  that  part  of  their  ohannel  is  being  lowered  now,  bnt  how  long 
woold  it  take  the  Somme  or  Thames,  which  once  ran  at  the  level  of 
those  grayels,  to  cnt  back  from  where  its  month  or  next  water&ll  was 
then  to  where  it  runs  oyer  rapids  now.  We  ought  to  know  what 
moyementa  of  npheayal  and  depression  there  have  been;  what  long 
allnyial  flats  or  lakes  which  may  have  checked  floods,  bnt  also  arrested 
the  rock-protecting  grayel ;  how  mnch  the  wash  of  the  eetnarine  waves 
have  helped.  In  fact,  it  is  clear  that  observations  made  on  the  action 
of  the  rivers  at  those  points  now  have  nothing  to  do  with  the  calcula- 
tion of  the  age  of  the  terraces  above,  and  that  the  circumstances  upon 
which  the  rate  of  recession  of  the  waterfalls  and  rapids  depends  are  so 
numerous  and  changeable  that  it  is  at  present  unsafe  to  attempt  anj 
estimate  of  the  time  required  to  produce  the  results  observed. 

But  although,  when  we  examine  critically  the  various  measures  of 
time  that  have  been  employed,  it  would  seem  that  with  our  present 
knowledge  there  is  no  certainty  to  be  arrived  at  with  regard  to  the 
age  of  any  geological  phenomena  of  considerable  antiquity,  still  we 
Imow  that  we  have  measured  some  good  base  lines,  and  if  as  yet 
we  have  got  no  sensible  parallax  for  those  far-off  world[s,  we  may  hope 
some  day  to  measure  longer  base  lines,  and  get  a  better  result 

[T.  MoK.  H.] 
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Friday,  March  31,  1876. 

Obobob  Busk,  Esq.  F.B.S.  Troasarer  and  Vice  President,  in  the  Chair. 

FBonsBOB  Jamks  Dbwab,  F.E.S.E.    Part  II.* 

The  Phynologicai  Action  of  Light, 

On  a  former  occasion  I  communicated  the  results  of  a  research  on  the 
**  Physiological  Action  of  Light "  executed  conjointly  with  Professor 
T.  G.  McKendrick.  The  principal  fietcts  then  establifiJied  may  be  thus 
summarized. 

Comparative  Phyeiology  of  the  Action  of  Light. — The  impact  of 
light  upon  the  eyes  of  members  of  the  following  groups  of  animals, 
yiz.  mammalia,  birds,  reptiles,  amphibia,  fishes,  and  crustaceans, 
produced  a  variation  amounting  to  from  three  to  ten  per  cent,  of  the 
normal  current.  At  that  time  we  found  light  caused  a  negative  varia- 
tion in  the  case  of  warm-blooded  animals. 

Dransmiseion  of  Action  to  BrcUn. — The  electrical  variation  may  be 
traced  into  the  brain.  Instead  of  severing  the  eye  from  the  brain  and 
cutting  the  optic  nerve,  simply  remove  the  head  of  the  frog.  Then 
suppose  one  of  the  electrodes  in  contact  with  the  surface  of  the  brain 
and  the  other  in  contact  with  the  surfiEM)e  of  the  cornea,  an  effect  is 
obtained  from  the  action  of  light  similar  to  that  just  described. 

Action  due  to  Change  in  Betina. — This  action  is  really  due  to  an 
alteration  in  the  retina  itself.  This  must  be  definitely  proved,  because 
it  was  a  legitimate  criticism  that  the  change  produced  by  the  action 
of  light  may  be  due  to  contraction  of  the  iris ;  the  iris  being  a 
muscular  structure  contracting  on  the  action  of  light  by  a  well-known 
reflex  mechanism  in  normal  circumstances,  and  even  after  removal 
of  the  eye  from  the  head.  A  contraction  of  the  iris  might  pro- 
duce a  negative  variation  or  diminution  of  the  electrical  current,  but 
it  is  difficult  to  imagine  that  it  could  cause  an  increase  or  positive 
variation.  In  order,  however,  to  get  rid  of  this  difficulty,  cut 
off  the  front  part  of  the  eye  altogether,  and  place  one  electrode  so 
as  to  touch  the  surfiftce  of  the  vitreous  humour  while  the  other 
impinges  on  the  transverse  section  of  the  optic  nerve,  a  current  is 

*  See  B.  I.  Prooeedings,  vol.  vti.  p.  360. 
Vol.  VIII.    (No.  65.)  l 
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obtained — no  doubt  weaker,  bnt  still  a  current  sofficientlj  strong  for 
detecting  any  variation  which  light  may  produce.  In  these  circum- 
stances, light  still  produces  the  variation  I  have  described.  To  make 
it  more  definite  still,  pick  out  the  retina  with  a  fine  glass  point, 
and  leave  only  the  sclerotic  and  perhaps  fragments  of  the  choroid. 
Even  then  an  electrical  current  is  obtained ;  but  this  current  is  not 
affected  by  light  It  is,  therefore,  proved  that  the  variation  produced 
by  the  action  of  light  is  due  to  some  change  or  other  occurring  in  the 
retina  when  light  impinges  upon  it. 

Bays  of  the  Spectrum. — YHiich  rays  of  the  spectrum  produce  the 
greatest  effect?  We  know,  of  course,  that  the  rays  which  are  the 
most  luminous  to  our  consciousness  are  the  yellow  rays.  The  colours 
of  a  very  pure  spectrum  were  obtained,  the  eye  being  brought  into  the 
various  rays  successively,  and  the  result  noted.  To  obtain  comparative 
results,  the  operations  were  repeated  as  quickly  as  possible.  It  was 
found,  in  studying  the  results,  that  those  rays  which  we  regard  as  the 
most  luminous  produce  the  greatest  variation.  For  instance,  the  low 
red  rays  at  the  end  of  the  spectrum  produce  very  little  effect,  and 
if  you  go  below  the  red  into  the  heat  rays  there  is  no  action.  But 
the  effect  increases  till  you  reach  the  yellow,  and  if  you  go  on  to  the 
violet  it  gradually  becomes  less  and  less  until,  beyond  the  violet, 
there  is  no  action. 

BdaJtion  of  Electrical  Variaiion  to  Luminous  Intensity. — Experiments 
made  have  conclusively  shown  that  a  quantity  of  light,  one  hundred 
times  in  excess  of  another  quantity,  only  modifies  the  electric  variation 
to  the  extent  of  increasing  it  from  three  to  five  times  its  original 
amount.  The  effects  observed  vary  in  such  a  manner  as  to  correspond 
closely  vdth  the  relative  variations  that  would  result  if  the  well- 
known  psycho-physical  law  of  Fechner  was  applicable  to  this  class  of 
phenomena. 

The  effect  of  Fatigue. — The  retina,  on  the  action  of  light,  behaves 
in  a  similar  manner  as  regards  fatigue,  to  a  muscle  that  has  been 
exhausted  by  repeated  stimulation.  The  muscle  diminishes  in  its 
mechanical  effect  for  the  same  stimulation  and  recovers  during  repose. 
The  amount  of  electric  variation  in  the  case  of  the  eye  diminishes  for 
the  same  amount  of  light  stimulation,  unless  the  organ  has  had 
sufficient  time  to  recover  its  normal  condition.  In  this  case,  the 
recovery  takes  place  in  the  absence  of  light. 

We  have  continued  this  investigation  in  various  new  directions, 
and  have  arrived  at  results  which  may  be  thus  shortly  detailed. 

New  Method  of  Eu^erimenting. — One  of  the  chief  difficulties  in 
arriving  at  the  exact  relation  between  the  electiical  variation  and 
the  different  luminous  and  colour  intensity  of  light,  was  the  con- 
tinually diminishing  sensibility  to  the  stimulus,  owing  to  the  abnormal 
conditions  of  the  eye  when  removed  from  the  head.  You  can  easily 
understand  how  this  occurs.  When  you  begin  the  experiment,  the 
eye  is  remarkably  sensitive  to  light,  and  a  large  variation  of  current 
is  obtained ;  but  the  amount  of  this  current  is  gradually  falline;  in 
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oon8eq[aenc6  of  the  gradual  change  in  the  parts  of  the  eje,  owing  to 
their  loss  of  vitality  and  sensihility.  In  fact,  the  parts  are  dying — 
the  blood  is  not  drcolating,  and  molecular  and  chemical  changes  are 
slowly  occurring.  In  the  case  of  the  frog's  eyes,  however,  it  is  a  fact 
that  the  retina  retains  its  sensibility  from  three  to  four  hours,  and 
sometimes  longer.  After  a  lapse  of  two  hours  or  so,  the  frog's  eye 
frequently  remains  in  a  tolerably  stable  condition,  in  which  it  does 
not  lose  rapidly.  This  condition  may  last  for  four  or  five  hours.  In 
order  to  get  rid  of  the  difficulty  of  gradual  death  of  the  parts,  we 
tried  various  methods.  In  our  earlier  experiments,  we  attempted  to 
get  the  eye  removed  as  quickly  as  possible,  and  to  make  the  obser- 
vations rapidly.  In  the  case  of  the  warm-blooded  animals,  this  did 
not  lead  to  very  good  results,  because  the  sensibility  to  light  dis- 
appeared in  a  very  few  minutes.  We  also  on  several  occasions  exposed 
the  posterior  aspect  of  the  eye  in  the  living  anassthetized  warm- 
blooded animal,  and  succeeded  in  bringing  one  electrode  into  contact 
with  the  sevei^Bd  optic  nerve  while  the  other  touched  the  cornea. 
This  method  was  troublesome  and  difficult. 

We,  however,  did  succeed  in  obtaining  definite  results.  These 
experiments  are  now  made  in  quite  a  different  way.  By  placing  a 
frog,  rabbit,  or  pigeon  under  the  influence  of  chinoline,  the  animal 
remains  motionless.  We  then  remove  a  small  portion  of  the  surface 
of  the  cranium,  so  as  to  expose  a  portion  of  the  brain.  One  of 
the  electrodes  is  brought  into  contact  with  the  surface  of  the 
cornea,  and  the  other  with  the  surface  of  the  brain.  The  blood  is 
still  circulating.  A  current  is  obtained;  and  all  the  effects  I  have 
just  mentioned  may  be  observed  with  ease.  The  animal  remains  in 
this  condition,  retaining  its  sensibility  to  the  action  of  light,  for  as 
long  a  period,  in  the  case  of  the  frog,  as  forty-eight  hours.  These 
observations  led  to  the  discovery  made  recently,  that  there  is  no 
necessity  for  even  exposing  the  surface  of  the  brain.  That  is  to  say, 
the  action  of  light  can  be  traced,  if  needful,  through  the  whole  body. 
If,  for  example,  we  take  a  frog,  place  it  in  position,  slightly  abrade  the 
sldn  on  the  surface  of  the  head  or  back,  or  any  part  of  the  body,  then 
adjust  the  electrodes,  one  in  front  of  the  cornea  and  the  other  upon 
the  abraded  skin,  we  obtain  an  electrical  current  which  is  affected  by 
light  in  the  usual  way.  But  if  the  electrode  in  contact  with  the 
cornea  be  shifted  to  some  other  part  of  the  body,  a  current  may  be 
obtained;  but  this  current  is  not  sensitive  to  light.  In  order  to 
produce  the  specific  action  of  light  upon  the  eye,  the  retina  must  be 
included  in  the  circuit.  This  discovery  enabled  us  to  perform  many 
experiments  without  injtiring  the  animal,  except  to  the  extent  of 
ainrading  or  removing  a  small  portion  of  i^n.  It  at  once  opened  up 
the  way  for  making  observations  upon  warm-blooded  animals  (one  of 
the  chief  difficulties  in  our  earlier  investigations).  For  example :  give 
a  rabbit  or  a  guinea-pig  a  small  dose  of  chinoline,  and  the  animal 
remains  prostrate  and  quiet.  Then  cut  off  a  little  of  the  hair  from 
the  surfiace  of  the  head  at  the  back  of  the  neck,  and  abrade  the  skin 
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so  as  to  have  a  moist  surface ;  bring  the  electrodes  into  position, 
placing  one  in  contact  with  the  abraded  surfaco  and  the  other  in 
contact  with  the  surface  of  the  cornea,  and  you  wiD  at  once  obtain 
tho  effect. 


Diagram  showing  arrangement  of  apparatus  in  the  experiment  on  eje  of  frog.  A.  Eye 
showing  the  electrode,  E,  in  contact  with  it.  B.  Skin  removed  and  subcutaneous 
tissue  in  contact  with  other  electrode,  £.  K.  Key.  0.  Galranometer.  Arrows 
indicate  direction  of  current.    Cornea,  positive.     Back,  negative. 

Action  of  Light  in  Warm-blooded  same  as  in  Cold-blooded  Animals. — 
By  the  use  of  chinoline  we  were  able  to  make  experiments  of  the  kind 
just  described  for  a  considerable  time,  without  ^e  necessity  of  main- 
taining artificial  respiration.  The  result  of  those  investigations  upon 
warm-blooded  animals  has  been  to  show  that  in  these,  as  in  the  cold- 
blooded, light  produces  first  an  increase  in  the  electric  current  on 
impact;  continued  light  usually  causes  the  electrical  curre^it  to 
diminish;  and  on  the  removal  of  light,  there  is  a  second  rise,  as 
described  in  the  case  of  the  frog.  In  our  earlier  investigations,  we 
always  observed  in  the  case  of  warm-blooded  animals  (when  the  eye 
had  either  been  quite  removed  from  the  body  or  was  receiving  an 
inadequate  supply  of  blood),  that  the  action  of  light  caused  a  negative 
variation,  that  is,  a  diminution  in  the  electrical  current  By  improved 
methods,  however,  which  have  the  effect  of  placing  the  eye  in  con- 
ditions more  normal,  we  find  that  light  causes  a  positive  variation,  that 
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18,  an  increase ;  thus  agreeing  with  what  had  hitherto  been  observed 
in  the  eye  of  the  frog.  This  is  a  point  worthy  of  notice.  Dn  Boiti- 
Beymond  showed,  even  in  the  case  of  sensory  nerves,  that  physio- 
logical action  caused  a  negative  variation.  But  it  appears  that  in  the 
case  of  the  retina  the  action  of  the  normal  stiinidus  is  to  cause  a 
positive  not  a  negative  variation. 

Experiment  with  the  Living  Lobster, — The  action  of  light  can  be 
readily  shown  in  this  animal.  Fix  it  loosely  in  a  cloth,  and  lay  it 
on  the  table  in  a  slightly  oblique  position.  With  a  small  trephine 
remove  a  circular  portion  of  the  carapace,  about  three  millimetres  in 
diameter,  and  expose  the  moist  tegumantary  surface.  Bring  one 
electrode  into  contact  with  this  surface,  while  the  other  touches  tho 
cornea.  The  usual  effects  of  light  may  then  be  noted  ;  but  in  the  case 
of  the  lobster,  the  variation  caused  by  the  impact  is  greater  than  what 
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Diagram  showing  arrangement  of  apparatus  in  experiment  on  living  lobster.  A.  Coi- 
neal  surface,  having  electrode,  £,  in  contact  with  it.  B.  Portion  of  carapace 
removed  so  a$  to  expose  moist  surface  for  electrode,  E.  K.  Key.  G.  Galvanometer. 
Arrows  indicate  direction  of  current. 

we  have  noticed  in  any  other  animal,  often  amounting  to  one-tenth  of 
the  total  amount  of  current.  Another  interesting  experiment,  com- 
parable with  that  of  the  two  eyes  just  described,  may  be  made  on  the 
lobster  by  placing  an  electrode  in  contact  with  each  cornea.  Tho 
result  frequently  is  apparently  no  current,  but  in  reality  the  currents 
neutralize  each  other.  Light  falling  on  the  one  eye  causes  the  needle 
to  move,  say  to  the  left,  while  if  it  fall  on  the  other  eye,  the  needle 
swerves  to  the  right.  When  the  eye  of  the  lobster,  removed  from  tho 
body,  was  divided  longitudinally  into  segments,  each  segment  was 
found  sensitive  to  light  The  effect  of  light  was  then  to  increase  the 
primary  current,  but  no  inductive  action  was  observed  on  withdrawal. 
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This  obBervation  is  interesting  as  a  confirmation  of  the  yiews  of 
physiologists  regarding  the  mode  of  action  of  a  compound  eye. 

Mode  of  Experiment  on  Eye  of  Fish. — Becently  we  were  enabled  to 
perform  an  experiment  upon  the  eye  of  a  fish  in  a  very  simple  way, 
by  a  method  adopted  in  Professor  Strieker's  laboratory  in  Vienna 
some  months  ago  for  another  purpose.  Take  a  fish  and  give  it  a  very 
small  dose  of  woorara.  It  soon  becomes  almost  motionless,  and  sinks 
in  some  cases  to  the  bottom  of  the  vessel.  The  animal  would  soon 
die  in  consequence  of  paralysis  of  the  movement  of  the  gills  necessary 
for  respiration.  But,  if  we  take  the  animal  out  of  the  water,  put  it 
upon  a  glass  plate,  introduce  a  little  bit  of  cork  under  each  gill,  and 
then  by  means  of  an  indiarubber  tube  placed  in  the  mouth  allow  a 
little  water  to  flow  over  the  gills,  the  fish  will  live  out  of  water  in 
that  condition  for  many  hours.  By  this  method  we  were  able  to 
perform  the  experiment  upon  the  eye  of  a  fish  with  the  same 
results. 

Observation  on  Human  Eye. — Having  succeeded  in  detecting  the 
action  of  light  on  tlie  retina  of  the  living  warm-blooded  animal 
without  any  operative  procedures,  it  appeared  possible  to  apply  a 
similar  method  to  the  eye  of  man.  For  this  purpose,  a  small  trough 
of  clay  or  parafiin  was  constructed  round  the  margin  of  the  orbit,  so 
as  to  contain  a  quantity  of  dilute  salt  solution,  when  the  body  was 
placed  horizontally  and  the  head  properly  secured.  Into  this  solution 
the  terminal  of  a  non-polarizable  electrode  was  introduced,  and  in 
order  to  complete  the  circuit  the  other  electrode  was  connected  with  a 
large  guttapercha  trough  containing  salt  solution,  into  which  one  of 
the  hands  was  inserted.  By  a  laborious  process  of  education,  it  is 
possible  to  diminish  largely  the  electrical  variation  due  to  the  in- 
voluntary movements  of  the  eye-ball,  and  by  fixing  the  eye  on  one 
point  with  concentrated  attention,  another  observer,  watching  the 
galvanometer,  and  altering  the  intensity  of  the  light,  can  detect  an 
electrical  variation  similar  to  what  is  seen  in  other  animals.  This 
method,  however,  is  too  exhausting  and  uncertain  to  permit  of  quanti- 
tative observations  being  made. 

Explanation  of  Variation  in  Direction  of  Current, — One  phenomenon 
particiidarly  attracted  the  attention  of  physiologists,  and  especially  of 
those  who  first  saw  the  experiments :  viz.  that  sometimes,  in  the  case 
of  the  eye  of  the  frog,  light  produced  an  increase  in  the  electrical 
current,  and  in  other  cases  a  diminution.  This  we  could  not  at  first 
account  for.  But  we  have  been  able  to  make  out  that  the  positive 
and  negative  variation,  or  the  increase  or  diminution  of  the  natural 
current  on  the  action  of  light,  depends  upon  the  direction  of  the 
primary  current,  when  the  cornea  and  brain  are  in  circuit.  K  the 
cornea  be  positive  and  the  brain  be  negative,  then  light  produces  an 
increase  of  the  electrical  current.  K,  on  the  other  hand,  the  cornea 
be  negative  and  the  brain  positive,  light  then  produces  a  diminution  in 
the  electrical  current.  It  is  thus  conclusively  shown  that  the  current 
superadded,  or  if  we  may  use  the  language,  induced  by  the  action  of 
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light,  is  always  in  the  same  direction;  only  in  the  one  case  it  is 
added  to,  and  in  the  other  subtracted  from,  the  primary  current. 

TJhe  Use  of  equal  and  opposite  Currents. — We  have  performed  many 
experiments  in  which  equid  and  opposite  currents  were  transmitted 
through  the  galvanometer  at  the  same  time,  and  observed  the  effect  of 
light  in  these  circumstances.  By  the  use  of  resistance  coils,  it  was 
not  difficult  to  balance  the  current  from  the  eye ;  but,  owing  to  the 
inconstancy  of  even  a  Daniell's  cell  in  such  experiments  as  these,  it 
was  impossible  to  avoid  fluctuations  which  might  possibly  have  been 
mistaken  for  those  due  to  the  action  of  light.  This  difficulty  was  got 
over  by  what  we  formerly  called  the  double  eye  experiment,  in  which 
two  similar  eyes  are  placed  in  reversed  positions  on  the  electrodes,  so 
that  the  current  from  the  one  neutralizes  that  of  the  other.  When 
this  is  accomplished,  it  is  easy  by  means  of  a  blackened  box,  having  a 
shutter  at  each  side,  to  allow  light  to  fjedl  on  either  the  one  eye  or  the 
other,  and  it  is  then  shown  that  the  galvanometer  needle  moves  either  to 
the  right  or  left,  according  to  the  eye  affected.  Instead  of  removing  the 
eyes  from  the  heAd  and  balancing  them  as  just  described,  it  is  a  much 
better  method  to  apply  the  two  electrodes  directly  to  the  corneas  in 
their  natural  position.  By  a  little  manipulation,  it  is  possible  to 
obtain  two  positions,  that  seemingly  give  no  electrical  current.  In 
these  circumstances,  light,  allowed  to  fall  on  the  one  eye  or  the  other, 
produces  the  effects  above  detailed. 

Action  of  Polarized  Light  and  Colours  of  Spectrum. — The  next 
point  recently  investigated  is  the  action  of  polajrized  light  and  the 
various  complementary  colours.  We  arrived  at  the  results  of  our 
earlier  experiments  with  the  colour-spectrum  in  various  ways,  such  as 
by  passing  light  through  solutions  having  various  absorptive  powers, 
by  the  direct  coloured  rays  of  the  spectrum,  &c.,  but  always  with  the 
same  conclusion — namely,  that  the  most  luminous  rays  produce  the 
greatest  effect  For  stud3ring  the  action  of  polarized  light,  we  have 
recently  used  the  simple  contrivance  of  a  black  box,  having  a  hole  on 
one  side  of  it,  placed  over  the  eye.  Opposite  the  hole  we  placed  two 
cylindrical  tubes  of  brass,  each  carrying  a  Niool's  prism,  and  between 
the  two  prisms  a  thin  plate  of  quartz  is  introduced,  producing  the 
various  colours  of  polarized  light  on  rotating  one  of  the  prisms. 
The  general  results  were  exactly  the  same  as  when  we  used  the 
colours  of  the  spectrum.  In  all  cases,  the  impact  of  the  yellow  rays 
produced  the  greatest  effect.  It  has  also  been  ascertained  by  this 
method  that  the  effect  of  the  tmpac<  of  light  is  much  more  regular 
than  the  effect  of  its  removal.  The  results  of  one  series  of  observa- 
tions are  given  in  the  two  following  tables : 
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Action  on  Frog's  Eye  of  Colours  of  Polarized  lAgJU, 


InitUd  Efliect. 

LigftBlue     ..     .. 

..      ..     riaeof    3 

5 

Red  Violet      ..      .. 

5 

Blue         

..      ..          „        7 

Red 

..      ..               8-5 

Orange  Red    ..      .. 

..      ..         ;,      10 

Green  Blue     ..      .. 

..      ..          „      10 

Green      

..      ..          „      13 

Yellow 

..      ..          „      16 

Rose        

..      ..          „        8 

Final  Effect 


•iseof  14 

»> 

12 

»» 

15 

i» 

20 

•» 

15 

11 

22 

)t 

24 

)f 

24 

*• 

24 

»• 

19 

Action  on  Frog's  Eye  of  Spectrum  of  Oxyhydrogen  Flame, 

Initial  Effect.  Final  Efltet. 

Yellow,  near  Orange     . . 

Green  Yellow 

Green— low 

Green — high         

Green— higher      

Yellow  Green        

Yellow 


of  70 

..     riaeof  10 

25 

„        5 

15 

..         ..       0 

15 

M        0 

18 

n         8 

85       .. 

..         ,.      35 

80       .. 

..         .,      40 

Determination  of  Electro-motive  Force. — Very  soon  after  the  first 
experiments  were  announced,  certain  physiologists  said,  that  although 
we  had  obtained  the  results  of  the  action  of  light  which  I  have 
just  described  as  indicated  by  the  galvanometer,  we  had  no  right 
to  say  that  there  was  a  change  in  the  electro-motive  force  as  stated  in 
the  earlier  communications.  We  had,  however,  satisfied  ourselves 
that  the  effect  was  due  to  an  alteration  in  the  electro-motive  force, 
but  reserved  details  to  the  second  part  of  our  investigations.  At  first, 
in  attempting  this  Sir  William  Thomson's  electrometer  was  used,  but 
the  amount  of  electric  potential  to  be  measured  was  too  small  to  get 
good  results.  Another  plan  of  determining  the  electro-motive  force 
was  adopted.  This  was  the  method  introduced  by  Mr.  Latimer 
Clarke,  the  eminent  electrician,  and  described  in  his  work  on 
'  Electrical  Measurements.'  The  instrument  devised  for  this  purpose 
is  called  by  him  a  Potentiometer,  and  measures  electro-motive  forces 
by  a  comparison  of  resistances.  Practically  we  found  the  Daniell's 
cell  far  too  strong  a  battery  to  use  as  a  standard  of  comparison.  A 
thermo-electric  junction  of  bismuth  and  copper  was  substituted  for  it. 
One  end  of  the  junction  was  constantly  heated  by  a  current  of  steam 
passing  over  it,  the  other  being  immersed  in  melting  ice.  The 
electro-motive  force  of  this  thermo-electric  junction,  as  estimated 
many  years  ago  by  Begnault,  is  extremely  constant,  and  is  about  the 
yf^th  part  of  a  Daniell's  cell.  By  means  of  this  arrangement  the 
following  results  were  obtained : — The  electro-motive  force  of  the 
nerve-current  dealt  with  in  our  experiments  on  the  eye  and  the  brain 
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of  a  frog  yaries  from  the  ^^th  to  the  « ^th  of  a  Daniell's  cell. 
Light  produced  an  alteration  in  the  electro-motive  force.  This  change 
was,  in  many  instances,  not  more  than  the  yrnnrv^  ^^  ^  Darnell's  cell. 
Bnt  though  small,  it  was  quite  distinct,  and  enahled  us  to  say 
podtively  that  light  produced  a  yariation  in  the  amount  of  the 
electro-motive  force.  By  the  same  arrangement,  the  gastrocnemius 
muscle  of  a  well-fed  frog  gave  ^th  of  a  DanieU ;  the  same  muscle 
from  a  lean  frog  which  had  been  long  kept,  gave  ^ix^th  of  a  Daniell ; 
and  the  sciatic  nerve  of  the  well-fed  frog  ^^th  of  a  Daniell.  Dr. 
Charles  Bland  Badcliffe  states,  in  his  'Dynamics  of  Nerve  and 
Muscle,'  p.  16,  that  he  obtained,  by  means  of  Sir  William  Thomson's 
quadrant  electoometer,  from  a  muscle,  a  positive  charge  equal  to  about 
the  tenth  of  a  Daniell's  cell,  a  much  greater  amount  than  ascertained 
by  the  metho  1  I  have  just  described. 

The  electro-motive  force  existing  between  cornea  and  posterior 
portion  of  the  sclerotic  in  a  frog  amounts  to  y^ixth  part  of  a  Daniell, 
and  between  the  cornea  and  cross  section  of  the  brain  is  about  four- 
fifths  of  the  above. 

Effect  of  Temperature  on  the  Eye  of  the  Fro^.— From  numerous 
experiments  on  the  irritability  of  muscle  induced  by  the  excitation  of 
nerve,  it  has  been  satisfactorily  proved  that  a  temperature  of  about 
40"^  C.  destroys  the  action  of  motor  nerves  in  cold-blooded  animals. 
Up  to  the  present  time,  we  are  acquainted  with  no  observations  as  to 
the  temperature  at  which  a  terminal  sense  organ  becomes  incapable  of  • 
performing  its  functions.  Having  satisfactorily  proved  that  the 
retina  is  the  structure  in  the  eye  producing  the  electrical  variation 
we  have  observed,  it  becomes  evident  that  as  long  as  this  phenomenon 
can  be  detected,  the  retina  is  still  capable  of  discharging  its  normal 
functions.  In  order  to  investigate  thoroughly  the  effect  of  an  in- 
creasing temperature  on  the  sensibility  of  the  retina,  a  method  of 
procedure  was  adopted  of  which  the  following  may  be  taken  as  a  general 
account:  a  frog  was  killed,  the  two  eyes  removed  rapidly  from  the 
body,  the  one  eye  was  placed  on  electrodes  and  maintained  at  the 
ordinary  temperature  of  16°  0.,  while  the  other  was  placed  on  similar 
electrodes,  contained  in  the  interior  of  a  water  bath  having  a  glass 
front,  the  sides  of  the  air  chamber  being  lined  with  black  cotton  wool 
saturated  with  water.  Into  this  chamber  a  delicate  thermometer  wus 
inserted,  and  the  currents  coming  from  the  two  eyes  were  alternately 
transmitted  to  the  galvanometer  every  five  minutes  by  means  of  a 
commutator,  the  temperature  and  the  electrical  variation  produced  by 
the  same  amount  of  light  being  noted  in  each  case.  The  general 
results  are  shown  in  the  following  table : 
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Table  showing  Oomparaiive  Effect  of  TempercUure  on  SensibilUif  of 
Frog's  Eye. 


E^ye  kept  ooi 
16C 

itinaotuW  at 
C. 

Fliul  Effect 

InitUl  Effect 

Teropentare. 

Initial  Effect'  Final  Effect. 

55 

28 

16°  C. 

58 

21 

61 

28 

19°  C. 

55 

16 

53 

27 

24°  C. 

65 

14 

53 

39 

29°  a 

97 

5 

53 

45 

29°  C. 

103 

—  4 

60 

45 

37°  C. 

65 

—  3 

60 

50 

38°  0. 

65 

—  4 

53 

41 

43°  C. 

12        1       —5 

60 

40 

43°  0. 

no  effect.  ;  no  effect. 

•  The  initial  amount  of  coirent  was,  however,  increased  on  the 
whole  by  the  action  of  the  higher  temperature,  thus  showing  that 
the  sensibility  to  light  does  not  depend  on  the  amount  of  current 
circulating  through  the  galvanometer.  It  will  be  observed,  on  in- 
specting this  table,  that  the  eye  maintained  at  the  temperature  of  16°  0. 
remains  tolerably  constant  in  its  initial  action,  although  it  gradually 
gets  more  sluggish,  whereas  the  final  effect  steadily  rises.  On  the 
other  hand,  in  tiie  case  of  the  eye  subjected  to  a  higher  temperature, 
the  initial  effect  seems  to  have  a  maximum  about  29°  C,  then 
gradually  diminishes,  and  vanishes  about  43°  C,  the  final  effect  con- 
tinuously falling  and  being  actually  reversed.  To  succeed  in  this 
experiment,  it  is  necessary  to  heat  the  electrodes  which  ^re  to  be  used 
in  the  wat^  bath  up  to  40°  C,  in  order  to  be  certain  that  no  changes 
are  induced  in  the  electrodes  themselves  that  might  be  mistaken  for 
those  above  mentioned.  An  eye  that  had  been  placed  in  dilute  salt 
solution  along  with  lumps  of  ice  was  found  to  have  the  usual  sensi- 
bility to  light. 

Effeci  of  Temperature  on  Eye  of  Pigeon. — Having  succeeded  in 
experimenting  with  a  water  badi,  in  the  manner  above  described,  it 
appeared  interesting  to  ascertain  if  the  eye  of  a  warm-blooded  animal 
would  be  benefited  by  being  maintained  at  the  normal  temperature  of 
body.  The  head  of  a  pigeon  was  placed  in  the  water  bath,  at  a 
temperature  of  40°  0.,  &e  eyes  were  found  sensitive  to  light,  the 
action,  however,  being  always  a  negative  variation;  but  instead  of 
vanishing  quickly,  as  it  does  at  the  ordinary  temperature,  kept  up 
its  activity  for  at  least  an  hour.  For  example,  in  one  experiment,  the 
electrodes,  being  placed  on  the  two  corneas,  so  that  the  currents  were 
balanced,  sensibility  was  active  for  an  hour  and  a  quarter,  but  half  an 
hour  later  it  had  almost  disappeared.     In  this  experiment,  the  sensi- 
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bility  of  the  eye  is  shown  by  the  large  deflection  produced  by  a  single 
candle  at  different  distances — thus : 

Distance  of  Candle  DlTislonB  of  GalTanometer 

from  Eje.  Scale. 

9fe^t  100 

6  feet 180 

3  feet  230 

Ifoot 420 

SensibiUty  of  the  Optic  Nerve. — We  have  formerly  shown  that  when 
the  retina  is  entirely  removed  from  the  eye-ball,  and  the  optic  nerve 
is  still  adherent  to  the  sclerotic,  no  effect  of  light  can  be  detected ; 
and  it  now  appeared  possible  to  examine  this  question  by  repeating 
Bonders'  experiment  of  focussing  an  image  on  the  optic  disc  in  the 
uninjured  eye,  when  no  electrical  disturbfuice  ought  to  occur.  This 
was  done  in  the  eye  of  the  pigeon,  but  an  image  free  from  irradiation 
on  the  optic  disc  could  not  be  produced,  and  consequently  there  was 
always  an  electrical  effect  observed. 

Exhaustion  and  Stimulation  of  the  Betina. — When  the  same  light 
from  a  fixed  position  is  allowed  to  act  on  the  eye  for  successive 
intervals  of  time,  say  two  minutes  of  light  and  two  minutes  of  dark- 
ness, it  gradually  falls  off  in  electrical  sensibility.  Thus,  a  candle  at 
9  inches  gives  the  following  results  when  successively  used  as  a 
stimulus : 

Initial  Effect.  Final  Efliect 

iBt  experiment  ..      ..  259  254 

2nd         „  ..      ..  171  276 

3rd  „  ....  140  282 

4th  „  ..      ..  122  274 

These  figures  show  a  rapid  fall  of  the  initial  effect  In  these 
circumstances,  it  is  evident  that  the  image  being  always  localized  on 
the  same  minute  portion  of  the  retina,  only  a  few  of  the  rods  and 
cones  of  that  structure  are  really  exhausted.  K  the  eye  be  allowed 
repose  in  the  dark  for  a  period  of  from  half  an  hour  to  an  hour,  it  will 
regain  as  much  as  triple  the  exhausted  sensibility.  But  another  mode 
of  proving  that  only  a  minute  portion  of  the  retina  was  affected  was 
to  show  that  an  alteration  of  position  of  the  image  by  a  slight  move- 
ment of  the  luminous  body  was  followed  by  a  new  electric  variation. 
In  order  to  vary  and  extend  the  action  of  a  retinal  image,  it  is 
necessary  to  suspend  a  steady  lamp  by  means  of  an  indiarubber  cord 
or  spiral  spring,  so  as  to  be  able,  by  inducing  vibrations  in  any 
direction,  to  stimulate  in  rapid  succession  different  retinal  areas.  On 
oscillating  a  pendulum  of  this  kind,  we  have  observed  an  electrical 
variation  whenever  the  amplitude  of  the  vibrations  is  increased,  and  by 
inducing  a  combination  of  vibrations,  the  electrical  variation  observed 
corresponds  to  what  would  be  found  if  the  luminous  intensity  were 
sixteen  times  as  groat  as  that  of  the  stationary  light.  Similar  experi- 
ments may  be  made  by  throwing  an  image  from  a  small  silver  mirror 
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Gonnected  with  a  metronome.  The  rapid  exhaustion  of  the  eye  may  be 
most  readily  demonstrated  by  cutting  off  the  antepor  half  of  the  eye, 
leaving  the  vitreous  humour  in  contact  with  the  retina,  observing  the 
effect  of  a  candle,  and  then  subjecting  it  to  the  action  of  a  magnesium 
lamp.  The  sensibility  will  now  be  enormously  diminished  The 
electrical  variations  resulting  from  the  respective  actions  of  a  candle 
and  a  magnesium  lamp  placed  at  the  same  distance  from  the  eye 
were  as  follows : 


Initial  Effect. 

Final  Effect 

Candle 
Mflgneaiu 

m  lamp 

38        ..      . 
..        120       ..      . 

.      ..         78 
.      ..       135 

This  experiment  proves  that  an  increase  of  200  per  cent,  in  the 
illuminating  power  of  a  source  of  light  only  triples  the  electrical 
effect.  Thus  the  eye  becomes  less  sensitive  as  the  illumination 
increases. 


Diagram  showing  the  recording  portion  of  Regnault's  Chronograph.  A  A.  Limbs  of 
recording  fork,  worked  by  electro-magnets,  Q  G.  C.  Stilette  on  limb  of  recording 
tuning  fork.  B  B.  Levers  in  connection  with  armatures  of  electro-magnets,  F  F, 
and  bearing  markers  D  D,  which,  along  with  Q,  record  on  E,  a  strip  of  blackened 
paper  passing  over  pulley. 

Chronomeirical  Observations, — The  last  point  I  wish  to  bring  under 
your  notice,  is  what  we  have  recently  been  doing  in  the  way  of 
measuring  the  time  required  from  the  initial  impact  of  light 
before  the  electrical  variation  is  produced.   As  the  electrical  variation 


Digitized  by  VjOOQIC 


1876.]  on  the  Physiological  Adion  of  Light.  149 

has  been  shown  to  agree  with  our  consciousness  of  luminous  effects,  it 
became  an  interesting  point  to  ascertain  whether  the  time  occupied 
by  the  action  of  light  upon  the  eye  of  the  frog  is  similar  to  the 
time  occupied  in  its  action  upon  the  eye  of  man.  A  good  many  years 
ago,  Professor  Bonders  and  his  pupil,  Schelske,  performed  a  number 
of  experiments  by  which  they  determined  that  the  time  required  by 
the  human  being  to  observe  light  and  to  signal  back  the  impression 
occupied  about  -j^th  of  a  second.  That  is  to  say,  <j^th  of  a  second  is 
occupied  by  the  action  of  light  on  the  eye,  the  transmission  of  nerve- 
current  to  the  brain,  the  change  induced  in  the  brain  during  percep- 
tion and  volition,  the  time  for  the  transmission  of  the  nerve-current 
to  the  muscles,  on  signalling  the  result,  and  the  time  occupied  by 
muscular  contraction.  The  true  period  of  latent  stimulation  in  the 
case  of  man  must  therefore  be  a  very  small  fraction  of  a  second.  In 
order  to  attempt  a  solution  of  this  problem  we  have  used  a  chrono- 
graph made  by  Dr.  Ednig,  of  Paris.  A  diagram  of  the  recording 
portion  of  the  instrument  is  given  above.  The  experimental 
arrangements  were  as  follows  :  The  galvanometer,  the  eye  apparatus, 
and  tibe  chronograph  being  in  separate  rooms,  one  observer  was 
stationed  at  the  galvanometer  for  the  purpose  of  signalling  the 
moment  the  needle  worked,  which  was  recorded  by  one  of  the  markers 
D  in  the  diagram,  the  other  marker  being  used  to  register  the  time  of 
initial  action. 

The  first  experiment  was  to  transmit  at  a  known  moment,  through 
the  eye  circuit  in  the  dark  room,  a  quantity  of  current  equal  in 
amount  to  the  electrical  variation  produced  when  the  eye  was 
stimulated  by  a  flash  of  light  frt>m  a  vacuum  tube,  and  to  record  the 
difference  of  time  between  the  origin  of  the  current  and  the  observer's 
signal  from  the  galvanometer. 

The  second  experiment  was  to  flash  a  vacuum  tube  at  a  known 
moment  in  a  room  where  the  eye  was  placed,  and  to  record  as  before 
the  instant  the  galvanometer  was  affected.  From  the  first  observation 
we  ascertain  the  minimum  amount  of  time  necessary  to  overcome  the 
inertia  of  the  instrument,  the  observer's  personal  equation,  and  the 
signalling  under  the  conditions  of  the  experiment.  If  this  result  is 
subtracted  from  the  record  of  the  second  observation,  the  difference 
will  represent  the  latent  period  of  light  stimulation.  From  a  large 
number  of  experiments  made  on  the  eye  of  the  frog  we  have  found  the 
latent  period  amounts  to  less  than  y^^th  of  a  second,  but  its  absolute 
value  must  be  ascertained  by  some  method  not  liable  to  the  variations 
that  are  inevitable  to  the  process  described.  Altogether  the  problem 
is  one  of  great  difficulty,  but  we  hope  to  continue  the  investigations. 

[J.D.] 
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GENERAL  MONTHLY  MEETING, 

Monday,  April  8,  1876. 

GioBQi  Busk,  Esq.  F.R.S.  Treasurer  and  Vice-President, 
in  the  Chair. 

Mrs.  Wm.  Amhorst  Tyssen  Amhurst, 

Professor  Albert  James  Bemays,  Ph.D. 

Frederick  Joseph  Bramwell,  Esq.  F.B.S. 

Lieut'CoL  Christopher  Buckle, 

Manuel  Grarcia,  Esq.  Hon.  M.D. 

The  Lady  Albert  Leveson  Gower, 

Miss  Wilhelmina  Lydia  Hall, 

Miss  Mary  Hall  McClean, 

R  Saxon  Snell,  Esq. 

Samuel  Sandars,  Esq.  MA  Cant. 

William  Woolley  Turton,  Esq. 

Greorge  Whitaker  Walter,  Esq. 

Allan  V.  YHiite,  Esq. 

James  Wilson  Bemington-Wilson,  Esq. 

were  elected  members  of  the  Boyal  Institution. 

The  following  Arrangements  of  the  Lectures  after  Easter  ..ore 
announced : — 

Pbofessob  p.  H.  Duncan,  F.B.S.— Four  Lectures  on  the  Gomparatiye 
Geology  and  former  Physical  Geographies  of  India,  Australia,  and  South  Africa  ; 
on  Tuesdays,  April  25  to  May  16. 

Pbofessor  Ttndall,  D.C.L.  LL.D.  F.R.S.  — Seven  Lectures  on  Voltaic 
Electricity ;  on  Thursdays,  April  27  to  June  8. 

Henbt  Woodwabd,  Esq.  F.B.S.  F.G.S. — Two  Lectures  on  Crustacea;  on 
Saturdays,  April  29  and  May  6. 

Pbofbbsob  W.  G.  Adaus,  F.R.S.— Three  Lectures  on  some  of  Wheatstone*B 
Disooveries  and  Inventions ;  on  Tuesdays,  May  23  to  June  6. 

Frederick  J.  Furniyall,  Esq.— Two  Lectures  on  Ohaucer ;  on  Saturdays, 
May  13  and  20. 

Professor  Henrt  Morlet,  M.A. — Three  Lectures  on  King  Arthur's  Place 
in  English  Literature ;  on  Saturdays,  May  27  to  June  10. 

The  Pbbsbnts  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FROM 

Agent'Qeneral  for  New  South  Tfo^M^Financial  Statement  of  Hon.  J.  Robertson. 

fol.    1875. 
AgrieuUurcU  Society  of  England^  Royal — Journal,  Second  Series,  Vol.  XII.  Part  1. 

8vo.    1876. 
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American  FhHoBOphical  Society — Prooeedings,  No.  95.    8ro.    1875. 

AnaHe  Soeidy  of  Bengal— J ouiuAi,  1875,  Part  I.  No.  3 ;  Part  II.  No.  2.    8vo. 

ProoeediDgs,  1875.    No.  9.    8to. 
AMtranamieal  Society,  Boyal—Monihly  Notices,  Vol.  XXXVI.    Nos.  3,  4.    Svo. 

1876. 
Britieh  ArehitecU,  Royai  IndttuU  o/*— Sessional  Papers,  1875-6.    Nos.  5-8.    4to. 
Chemical  Society— Joum&l  for  Feb.  1876.    8vo. 
Editon — American  Journal  of  Science  for  March,  1876.    8yo. 

Athennum  for  March,  1876.    4to. 

Chemical  News  for  March,  1876.    4to. 

Electrical  News  for  March,  1876. 

Engineer  for  March,  1876.    fol. 

Journal  for  Applied  Science  for  March,  1876.    fol. 

Nature  for  March,  1876.    4to. 

Nautical  Magazine  for  March,  1876.    8yo. 

Pharmaceutical  Journal  for  March,  1876.    8vo. 

Telegraph  Journal  for  March  15, 1876.    8yo. 
^VtmJk^n  iiMeiliii^-Joumal,  Nob.  602.  603.    8to.    1876. 
Iron  and  Sted  ImUiute—Zoxanal,  1875.    No.  2.    8yo. 
lAimean  Society —JoumoXf  Botany,  No.  82.    8yo.    1876. 
Jf«<«orofoi^»oaZ  Oj|Ic*--^uarterly  Weather  Reports,  1874.    Part  2.    4ta    1876. 
ManthsiUr  Gtologieal  Society— TnuaaciiaDBy  Vol.  XIV.    Part  2.    8yo.    1876. 
New  Zealand  CfoMrrmMnt— Statistics  for  1874.    fol.    1875. 
Photographic  Society— Jonmed,  No.  265.    8yo.    1876. 
Preuaeieche  AhadenUe  der  Wissensehaften — Monatsberichte,  Dec.  1875.    8yo. 
i?oyaZ5bcMrfyo/£ainlwirg^— Transactions,  Vol.  XXVIL    Part  3.    4to.    1874-5. 

Proceedings,  No.  90.    8yo.    1874-5. 
Royal  Society  of  LoiMion— Proceedings,  No.  167.    8yo.    1876. 
Rm^  Swedish  Academy  of  Sdeneee-Utoidliugax  (Memoirs),  1870,  1871,  1873. 
3  yols.    4ta 

Bi-hang  (Supplement) :  I.  II.    8yo. 

Ofyersigt  rBulletins).    Nos.  28-31.    8yo. 

Lefiiadsteckingar :  L  3.    8yo. 
iSbottttfciSoci^o/^rto— Transactions,  Vol.  IX.    Part  3.    8yo.    1875. 
Smiiheanian  Institution — Smithsonian  Report,  1874.    8yo.    1875. 
Symons^  G.  J,  Esq,  (the  Author}— SymonB'  Monthly  Meteorological  Magazine, 

March,  1876.    8yo. 
Temtant,  Professor,  F.0J3.—T,  Sopwith,  F.R.S.     Description   of  Geological 

Models.    12mo.    1875. 
Victoria  Institute— Joamtd,  No.  36.    8yo.    1876. 

Whitburn,  T.  Esq.  (the  ^aitor)— Westward  Hoe  for  Ayalon  in  the  New-found- 
land  :  as  described  by  Captain  R.  Whitboume,  of  Exmouth,  Deyon,  1622. 
12mo.    1870. 
Wild,  M,  H.  (the  £tfitor)— Repertorium  fOr  Meteorologie.    Band  IV.  Heft  2.   4to. 

1875. 
Woodworih,  Dr,  J,  M,  r/lA— Report  of  U.S.  Marine  Seryice.    8vo.    1874. 

Cholera  Epidemic  in  the  United  States,  1873.    8yo.     1875. 
Yorkshire  Archseologioal  Society— Journal,  Parts  13, 14.    8yo.    1875. 
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WEEKLY  EVENING  MEETING, 

Friday,  April  7,  1876. 

Gkobgb  Busk,  Esq.  F.R.S.  Treasurer  and  Yice-President, 
in  the  Chair. 

Edwabd  Burnett  Ttlob,  Esq.  F.E.S. 
Ordeals  and  Oaths. 

In  primitive  stages  of  society  the  clannish  life  of  mde  tribes  may 
well  have  been  more  favourable  to  frank  and  trnthfol  and  faithful 
relations  between  man  and  man,  than  our  wider  and  looser  social  in- 
tercourse can  be.  Yet  one  can  see  from  the  habits  of  modem  savages 
that  already  in  early  savage  times  society  was  setting  itself  to  take 
measures  against  men  who  broke  faith,  to  save  themselves  from  harm, 
or  to  gain  some  coveted  good.  At  the  stage  of  civilization  where 
social  order  was  becoming  regular  and  settled,  the  wise  men  turned 
their  minds  to  devise  guarantees  stronger  than  mere  yes  and  no. 
Thus  the  ordeal  and  the  oath  were  introduced  that  wrong-doing 
should  not  be  concealed  or  denied,  that  unrighteous  claims  should 
not  be  backed  by  false  witness,  and  that  covenants  made  should  not 
be  broken. 

The  principles  on  which  these  ordeals  and  oaths  were  invented 
and  developed  may  to  this  day  be  plainly  made  out.  It  is  evident 
that  the  matter  was  referred  to  the  two  intellectual  orders  of  early 
times — the  magicians  and  the  priests.  Each  advised  after  the  manner 
of  his  profession.  The  magician  said,  With  my  symbols  and  charms 
I  will  try  the  accused,  and  bind  the  witness  and  iJie  promisor.  The 
priest  said,  I  will  call  upon  my  spirits,  and  they  shall  find  out  ihe 
hidden  tbiug,  and  p'lnish  the  lie  and  the  broken  vow.  Now  magic 
and  religion  are  separate  in  their  nature  and  origin.  Magic  is  based 
on  a  delusive  tendency  arising  out  of  the  association  of  ideas,  namely, 
the  tendency  to  believe  that  things  which  are  ideally  connected  in 
our  minds  must  therefore  be  really  connected  in  the  outer  world. 
Bdigion  is  based  on  the  doctrine  of  spiritual  beings,  souls,  demons, 
or  deities,  who  take  cognizance  of  men  and  interpose  in  their  affiiirs. 
It  is  needful  to  keep  this  absolute  distinction  clear  in  our  minds,  for 
on  it  depends  our  finding  our  mental  way  through  a  set  of  complicated 
proceedings,  in  which  magical  and  religious  elements  have  become 
mixed  in  the  most  intricate  ways.  Well  they  might,  considering 
how  commonly  the  professions  of  sorcerer  and  priest  have  overlapped 
so  as  even  to  be  combined  in  one  and  the  same  person.  But  it  seems 
from  a  general  survey  of  the  facts  of  ordeals  and  oaths,  that  on  the 
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whole  the  magical  element  in  them  is  earliest  and  underlying,  while 
the  religious  element  is  apt  to  come  in  later  in  history,  often  only 
taking  up  and  consecrating  some  old  magical  process. 

In  the  series  of  instances  to  be  brought  into  view,  this  blending 
of  the  religious  with  the  magical  element  will  be  repeatedly  ob- 
servable. It  will  be  seen  also  that  the  ordeal  and  the  oath  are  not 
only  allied  in  their  fondamental  principles,  but  that  they  continually 
run  into  one  arother  in  their  use.  Oaths,  we  shall  see,  are  made  to 
act  as  ordeals,  and  ordeals  are  brought  in  as  tests  of  oaths.  While 
recognizing  this  close  connection,  it  will  be  convenient  to  divide  the 
two,  and  take  them  in  order,  according  to  their  practical  application, 
ordeals  being  proceedings  for  the  discovery  of  wrong-doers,  while 
oaths  are  of  the  nature  of  declarations  or  undertakings. 

The  association  of  ideas  which  serves  as  a  magical  basis  lor  an 
ordeal  is  quite  childish  in  its  simplicity.  Suppose  it  has  to  be  deicded 
which  of  two  men  have  acted  wrongfully,  and  appeal  is  haa  to  the 
ordeal.  There  being  no  evidence  on  the  real  issue,  a  fanciful  issue  is 
taken  instead,  which  can  be  settled,  and  the  association  of  ideas  does 
the  rest.  Thus  in  Borneo,  when  two  Dayaks  have  to  decide  which  is 
in  the  right,  they  have  two  equal  lumps  of  salt  given  them  to  drop 
together  into  water,  and  the  one  whose  lump  is  gone  first  is  in  the 
wrong.  Or  they  put  two  live  shell-fish  on  a  plate,  one  for  each 
disputant,  and  squeeze  lime-juice  over  them,  the  verdict  being  given 
according  to  which  man's  champion  mollusk  moves  first.  This 
reasoning  is  such  as  any  child  can  enter  into.  Among  the  Sandwich 
islanders,  again,  when  a  thief  had  to  be  detected,  the  priest  would 
consecrate  a  dish  of  water,  and  the  suspected  persons,  one  by  one, 
held  their  hands  over  it,  till  the  approach  of  the  guilty  was  known  by 
the  water  trembling.  Here  the  connection  of  ideas  is  plain.  But  we 
may  see  it  somewhat  more  fully  thought  out  in  modem  Europe, 
where  the  eld  notion  is  not  forgotten  that  the  executioner's  sword 
will  tremble  when  a  thief  draws  near,  and  even  utter  a  dull  clang 
at  the  approach  of  a  murderer. 

Starting  with  the  magical  ordeal,  we  have  next  to  notice  how 
the  religious  element  is  imported  into  it.  Take  the  ordeal  of  the 
balance,  well  known  to  Hindu  law.  A  rude  pair  of  scales  is  set 
up  with  its  wooden  scale-beam  supported  on  posts,  the  accused  is 
put  in  one  scale,  and  stones  and  sand  in  the  other  to  counterpoise 
him,  then  he  is  taken  out,  and  the  balance  is  called  upon  to  show 
his  guilt  by  letting  him  go  down  on  re-weighing,  or  his  innocence  by 
raising  him  up.  This  is  pure  magic,  the  ideal  weight  of  guilt  being 
by  mere  absurid  association  of  ideas  transferred  to  material  weight  in 
a  pair  of  scales.  In  this  process  no  religious  act  is  essential,  but  in 
practice  it  is  introduced  by  prayers  and  sacrifices,  and  a  sacred 
formula  appealing  to  the  great  gods  who  know  the  walk  of  men,  so 
that  it  is  considered  to  be  by  their  divine  aid  that  the  accused,  when 
put  back  into  the  scale,  rises  or  falls  at  once  in  material  fact  and 
moral  metaphor.     If  he  either  goes  fairly  up  or  down,  the  case  is 

Vol.  VIII.    (No.  66.)  m 


Digitized  by  VjOOQIC 


164  Mr.  E.  B.  Tyhr  on  OrdeaU  and  Oaths.  [April  7, 

clear.  But  a  difficulty  arises  if  the  accused  happens  to  weigh  the 
same  as  he  did  five  minutes  before ;  so  nearly,  at  least,  as  can  be 
detected  by  a  pair  of  heavy  wooden  scales  which  would  hardly  turn 
within  an  ounce  or  two.  This  embarrassing  possibility  has,  in  fact, 
perplexed  the  Hindu  lawyers  not  a  little.  One  learned  pundit  says — 
he  is  guilty  unless  he  goes  right  up !  A  second  suggests — weigh  him 
again  !  A  third  distinguishes  with  subtlety — if  he  weighs  the  same 
he  is  guilty,  but  not  so  guilty  as  if  he  had  gone  right  down  !  The 
one  only  interpretation  that  never  occurs  to  any  of  them  is,  that  sin 
may  be  an  imponderable.  We  may  smile  at  the  Hindu  way  of  striking 
a  moral  balance,  but  it  should  be  remembered  that  a  similar  practice, 
probably  a  survival  from  the  same  original  Aryan  rite,  was  kept  up 
in  England  up  to  the  last  century.  In  1759,  near  Aylesbury,  a  woman 
who  could  not  get  her  spinning-wheel  to  go  round,  and  naturally 
concluded  that  it  had  been  bewitched,  charged  one  Susannah  Haynokes 
with  being  the  witch.  At  this  Susannah's  husband  was  indignant, 
and  demanded  that  his  wife  should  be  allowed  to  clear  herself  by  the 
customary  ordeal  of  weighing.  So  they  took  her  to  the  parish  church, 
stripped  her  to  her  under-garments,  and  weighed  her  against  the 
church  Bible ;  she  outweighed  it,  and  went  home  in  triumph.  Here 
the  metaphor  of  weighing  is  worked  in  the  opposite  way  to  that  in 
India;  but  it  is  quite  as  intelligible,  and  not  a  whit  the  worse  for 
practical  purposes.  For  yet  another  case,  how  an  old  magical  process 
may  be  afterwards  transformed  by  bringing  in  the  religious  sanction, 
we  may  look  at  the  ancient  classic  sieve  and  shears,  the  sieve  being 
suspended  by  sticking  the  points  of  the  open  shears  into  the  rim,  and 
the  handles  of  the  shears  balanced  on  the  forefingers  of  the  holders. 
To  discover  a  thief^  or  a  lover,  all  that  was  required  was  to  call  over 
all  suspected  names,  till  the  instrument  turned  at  the  right  one.  In 
the  course  of  history,  this  childish  divining-ordeal  came  to  be 
christianized  into  the  key  and  Bible,  the  key  of  course  to  open  the 
secret,  the  Bible  to  supply  the  test  of  truth.  For  a  thief-ordeal,  the 
proper  mode  is  to  tie  in  the  key  at  the  verse  of  the  50th  Psalm : 
'^'V^en  thou  sawest  a  thief,  then  tiiou  consentedst  with  him,"  and  then 
when  the  names  are  called  over,  at  the  name  of  the  guilty  one  the 
instrument  makes  its  sign  by  swerving  and  falling  from  the  holder's 
hands.  This  is  interesting  as  being  almost  the  only  ordeal  which 
survives  in  common  use  in  England ;  it  may  be  met  with  in  many 
an  out-of-the-way  flEurmhonse.  It  is  some  years  since  English  rustics 
have  dared  to  ^  swim  "  a  witch,  that  is,  to  put  in  practice  the  ancient 
water-ordeal,  which  our  folklore  remembers  in  its  most  archaic  Aryan 
form.  Its  essential  principle  is  as  plainly  magical  as  any ;  the  water, 
being  set  to  make  the  trial,  shows  its  decision  by  rejecting  the  guilty, 
who  accordingly  comes  up  to  the  surface.  Our  ancestors,  who  did 
not  seize  the  dutinction  between  weight  and  specific  gravity,  used  to 
wonder  at  the  supernatural  power  with  which  the  water  would  heavo 
np  a  wicked  fellow,  even  if  he  weighed  sixteen  stone. 

MedifBval  ordeals,  by  water  or  fire,  by  touch  of  the  corpse,  or  by 
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wager  of  battle,  have  fallen  to  mere  cnriosities  of  literature,  and  it  is 
needless  to  dwell  here  on  their  well-known  pictaresqae  details,  or  to 
repeat  the  liturgies  of  prayer  or  malediction  said  or  sung  by  the  con- 
secrating priests.  It  is  not  by  such  accompanying  formulas,  but  by 
the  intention  of  the  act  itself,  that  we  must  estimate  the  real  position 
of  the  religious  element  in  it.  Nowhere  is  this  so  strong  as  in  what 
may  be  called  the  ordeal  by  miracle,  where  the  innocent,  by  divine 
help,  walks  over  the  nine  red-hot  ploughshares,  or  carries  the  red-hot 
iron  bar  seven  paces,  or  drinks  a  dose  of  deadly  poison,  and  is  none 
the  worse  for  it ;  or,  on  the  other  hand,  where  the  draught  of  harmless 
water  cursed  or  consecrated  by  the  priests  will  bring  within  few  days 
dire  disease  on  him  or  her  who,  being  guilty,  has  dared  to  drink  of  it. 

Looking  at  the  subject  from  the  statesman's  point  of  view,  the 
survey  of  the  ordeals  of  all  nations  and  ages  enables  us  to  judge  with 
some  certainty  what  their  practical  effect  has  been  for  evil  or  good. 
Their  basis  being  mere  delusive  imagination,  when  honestly  adminis- 
tered their  being  right  or  wrong  has  been  matter  of  mere  accident. 

It  would,  however,  be  a  mistake  to  suppose  that  fftir-play  ever 
generally  prevailed  in  the  administration  of  ordeals.  As  is  well 
known,  they  have  always  been  engines  of  political  power  in  the  hands 
of  unscrupulous  priests  and  chiefs.  Often  it  was  unnecessary  even  to 
cheat,  when  the  arbiter  had  it  at  his  pleasure  to  administer  either  a 
harmless  ordeal  like  drinking  cursed  water,  or  a  deadly  ordeal  by  a 
dose  of  aconite  or  physostigma.  When  it  comes  to  sheer  cheating, 
nothing  can  be  more  atrocious  than  this  poison-ordeal.  In  West 
Africa,  where  the  Calabar  bean  is  used,  the  administerers  can  give  the 
accused  either  a  dose  which  will  make  him  sick,  and  so  prove  his 
innocence,  or  they  can  give  him  enough  to  prove  him  guilty  and 
murder  him  in  the  very  act  of  proof.  When  we  consider  that  over  a 
great  part  of  that  great  continent  this  and  similar  drags  usually 
determine  the  destiny  of  people  inconvenient  to  the  fetish-man  and 
the  chief,  the  constituted  authorities  of  church  and  state,  we  see  before 
us  one  efficient  cause  of  the  unprogressive  character  of  African  society. 
The  famed  ordeal  by  red-hot  iron,  also,  has  been  a  palpable  swindle 
in  the  hands  of  the  authorities.  In  India  and  Arabia  it  is  a  recognized 
test  of  guUt  or  innocence  to  lick  a  hot  iron;  now  no  doubt  the 
initiated  know  that  innocent  or  guilty  alike  can  lick  a  white-hot  iron 
with  impunity,  as  any  blacksmith  wiU  do,  and  as  I  have  done  myself, 
the  layer  of  vapour  in  a  spheroidal  state  preventing  any  chemical 
contact  with  the  skin.  As  for  the  walking  over  red-hot  ploughshares, 
or  carrying  a  red-hot  iron  bar  seven  paces  in  the  palm  of  the  hand, 
their  fraudulent  nature  fits  with  the  fact  that  the  judges  who  adminis- 
tered them  took  their  precautions  against  close  approach  of  spectators 
much  more  carefully  than  the  jugglers  do  who  handle  the  red-hot 
bars  and  walk  over  the  ploughshiures  at  the  circus  nowadays;  and 
moreover,  any  list  of  cases  will  show  how  inevitably  the  friend  of  the 
church  got  off,  while  the  man  on  the  wrong  side  was  sure  to  **  lose  his 
cause  and  bum  his  fingers."    Remembering  how  Queen  Smma  with 
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uplifted  eyes  walked  over  the  ploughshares  without  knowing  it,  and 
asked  when  the  trial  was  to  begin,  and  how  after  this  triumphant 
issue  one-and-twenty  manors  were  settled  on  the  bishopric  and  church 
of  Winchester,  it  may  be  inferred  with  some  probability  that  the 
glowing  ploughshares  glowed  with  nothing  more  dangerous  than 
daubs  of  red  paint. 

Almost  the  only  effect  of  ordeals  which  can  be  looked  upon  as 
beneficial  to  society,  is  that  the  belief  in  their  efficacy  has  done  some- 
thing to  deter  the  credulous  from  crime,  and  still  more  often  has  led 
the  guilty  to  betray  himself  by  his  own  terrified  imagination.  Visitors 
to  Rome  know  the  great  round  marble  mask  called  the  Bocca  della 
Verity.  It  is  but  Qie  sink  of  an  old  drain,  but  many  a  frightened 
knave  has  shrunk  from  the  test  of  putting  his  hand  into  its  open 
mouth  and  taking  oath  of  his  innocence,  lest  it  should  really  close  on 
him,  as  tradition  says  it  does  on  the  forsworn.  The  ordeal  by  the 
mouthful  of  food  is  still  popular  in  southern  Asia  for  its  practical 
effectiveness ;  the  thief  in  the  household,  his  mouth  dry  with  nervous 
terror,  fails  to  masticate  or  swallow  fairly  the  grains  of  rice.  So  in 
old  England  the  culprit  could  not  swallow  the  consecrated  oor-suasd 
or  trial-slice  of  bread  or  cheese,  but  it  stuck  in  his  throat,  as  in 
Earl  €k)d win's  in  the  story.  To  this  day  the  formula,  ''May  this 
mouthful  choke  me  if  I  am  not  speaking  truth  I''  keeps  up  the 
memory  of  the  official  ordeal.  Not  less  effective  is  the  ord^  by 
curse  still  used  in  Bussia  to  detect  a  thief.  The  hahttshka,  or  local 
witch,  stands  with  a  vessel  of  water  before  her  in  the  midst  of  the 
assembled  household,  and  makes  bread  pills  to  drop  in,  saying  to  each 
in  order :  ''  Ivan  Ivanoff^  if  you  are  guilty,  as  this  ball  falls  to  the 
bottom,  so  your  soul  will  fall  into  hell."  But  this  is  more  than  any 
common  Bussian  will  fi&ce,  and  the  rule  is  that  the  culprit  confesses 
at  sight.  This  is  the  best  that  can  be  said  for  ordeals.  Under  their 
most  favourable  aspect,  they  are  useful  delusions  or  pious  frauds.  At 
worst,  they  are  those  wickedest  of  human  deeds,  crimes  disguised 
behind  the  mask  of  justice.  Shall  we  wonder  that  the  world,  slowly 
trying  its  institutions  by  the  experience  of  ages,  has  at  last  come  to 
the  stage  of  casting  out  the  judicial  ordeal?  Or  shall  we  rather 
wonder  at  the  constitution  of  the  human  mind,  which  for  so  many 
ages  has  set  up  the  creations  of  delusive  fancy  to  hold  sway  over  a 
world  of  facts. 

From  the  Ordeal  we  now  pass  to  the  Oath.  The  oath,  for  pur- 
poses of  classification,  may  be  best  defined  as  an  asseveration  xnade 
under  superhuman  penalty,  such  penalty  being  (as  in  the  ordeal) 
either  magical  or  religious  in  its  nature,  or  both  combined.  Here, 
then,  we  distinguish  the  oath  from  the  mere  declaration  or  promise 
or  covenant,  however  formal.  For  example,  the  covenant  by  grasping 
hands  is  not  in  itself  an  oath,  nor  is  even  that  wideHsprcMid  ancient 
ceremony  of  entering  into  a  bond  of  brotherhood  by  the  two  parties 
mixing  drops  of  their  blood,  or  tasting  each  other^s.  This  latter  rite, 
though  often  called    an  oath,  can  under  this  definition  only  be 
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reckoned  as  a  solemn  compact.  Bat  when  a  Galla  of  Abyssinia  sits 
down  oyer  a  pit  covered  over  with  a  hide,  imprecating  that  he  may 
fikU  into  a  pit  if  he  breaks  his  word,  or  when  in  onr  police-conrts  we 
make  a  Chinaman  swear  by  taking  an  «arthen  sancer  and  breaking 
it  on  the  rail  in  front  of  the  witness-box,  signifying,  as  the  interpreter 
then  pnts  it  in  words,  *'  If  yon  do  not  tell  &e  trath«  yonr  soul  will  be 
cracked  like  this  sancer" — we  have  here  two  fuU  oaths,  of  which 
the  penalty,  magical  or  religions,  is  shown  in  pantomime  before  ns. 
(By  the  way,  thu  English  judges  who  authorized  this  somewhat  sensar- 
tional  ceremony  mast  have  believed  that  they  were  calling  on  the  China- 
man to  take  a  judicial  oath  after  the  manner  of  his  own  country ;  but 
they  acted  under  a  mistake,  for  in  fact  the  Chinese  use  no  oaths  at  all 
in  iheii  law-courts.)  Now  we  have  to  distinguish  the  real  oaths  from 
mere  asseverations,  such  as  are  made  in  emphatic  terms,  or  with 
descriptive  gestures,  merely  for  the  purpose  of  showing  the  strength 
of  resolve  in  the  declarer's  mind.  Where,  then,  does  the  difference  lie 
between  the  two  ?  It  is  clearly  to  be  found  in  the  incurring  of  super- 
natural penalty.  There  would  be  no  difficulty  at  all  in  clearing  up 
the  question,  were  it  not  that  theologians  have  set  up  a  distinction 
between  oaths  of  imprecation  and  oaths  of  witness.  Sach  subtleties, 
however,  looked  at  from  a  practical  point  of  view,  are  seen  to  be 
casuistic  cobwebs,  which  a  touch  of  the  rough  broom  of  common-sense 
will  sweep  away.  The  practical  question  is  this.  Does  the  swearer 
mean  that  by  going  through  the  ceremony  he  brings  on  himself,  if  he 
breaks  faith,  some  special  magic  harm,  or  divine  displeasure  and 
punishment  ?  If  so,  the  oath  is  practically  imprecatory ;  if  not,  it  is 
futile,  wanting  the  very  sanction  which  gives  it  legal  value.  It  does 
not  matter  whether  the  imprecation  is  stated  or  only  implied.  When 
a  Beduin  picks  up  a  straw,  and  swears  by  Him  who  made  it  grow  and 
wither,  there  is  no  need  to  accompany  iJiis  with  a  homily  on  the  &te 
of  the  perjured.  This  reticence  is  so  usual  in  the  world,  that  as  often 
as  not  we  have  to  go  outside  the  actual  formula  and  ceremony  to  learn 
what  their  full  intention  is.  Let  us  now  examine  some  typical  forms  of 
oath.  The  rude  natives  of  New  Guinea  swear  by  the  sun,  or  by  a  certain 
mountain,  or  by  a  weapon,  that  the  sun  may  bum  them,  or  the  moun- 
tain crush  them,  or  the  weapon  wound  them,  if  they  lie.  The  even 
ruder  savages  of  the  Brazilian  forests,  to  confirm  their  words,  raise  the 
hand  over  the  head  or  thrust  it  into  their  hair,  or  they  will  touch  the 
points  of  their  weapons.  These  two  accounts  of  savage  ceremony 
introduce  us  to  customs  well  known  to  nations  of  higher  culture.  The 
raising  of  the  hand  toward  the  sky  seems  to  mean  here  what  it  doos 
elsewhere.  It  is  in  gesture  calling  on  the  Heaven-god  to  smite  the  per- 
jurer with  his  thunderbolt.  The  touching  of  the  head,  again,  carries 
its  meaning  among  these  Brazilians  almost  as  plainly  as  in  Africa, 
where  we  find  men  swearing  by  their  heads  and  limbs,  in  the  belief 
that  they  would  wither  if  forsworn ;  or  when  among  the  Old  Prussians 
a  man  would  lay  his  right  hand  on  his  own  neck,  and  his  left  on  the 
holy  oak,  saying,  <*  May  Perkun  (the  Thunder-god)  destroy  me  I " 
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As  to  swearing  bj  weapons,  another  graphic  instance  of  its  original 
meaning  comes  frc«n  Aiacan,  where  the  witness  swearing  to  speak  the 
truth  taJi^es  in  his  hand  a  musket,  a  sword,  a  spear,  a  tiger^s  tusk,  a 
crocodile's  tooth,  and  a  thunderbolt  (that  is,  of  course,  a  stone  celt). 
The  oath  bj  the  weapon  not  only  lasted  on  through  classic  ages, 
but  remained  so  common  in  Christendom  that  it  was  expressly  for- 
bidden by  a  Synod ;  even  in  the  seyenteenth  century,  to  swear  on  one's 
sword  was  still  a  legal  oath  in  Holstein.  As  for  the  holding  up  of  the 
hand  to  invoke  the  personal  divine  sky,  the  successor  of  this  primitive 
gesture  remains  to  this  day  among  the  chief  acts  in  the  solemn  oaths 
of  European  nations. 

It  could  scarcely  be  shown  more  clearly  with  what  child-like 
imagination  the  savage  conceives  a  symbolic  action,  such  as  touching 
his  head  or  his  spear,  will  somehow  pass  into  a  reality.  In  con- 
nection with  this  group  of  oaths,  we  can  carry  yet  a  step  further  the 
illustration  of  the  way  men's  minds  work  in  this  primitive  stage  of 
association  of  ideas.  One  of  the  accounts  from  New  Guinea  is  that 
the  swearer,  holding  up  an  arrow,  calls  on  Heaven  to  punish  him  if 
he  lies ;  but  by  turning  the  arrow  the  other  way,  and  using  certain 
herbs,  the  oath  can  be  neutralized.  This  is  magic  all  over.  What 
one  symbol  can  do,  the  reverse  symbol  can  undo.  True  to  the  laws 
of  primitive  magical  reasoning,  uncultured  men  elsewhere  still 
carry  on  the  symbolic  reversal  of  their  oaths.  An  Abyssinian  chief 
who  had  sworn  an  oath  he  disliked  has  been  seen  to  scrape  it  off  his 
tongue,  and  spit  it  out.  There  are  still  places  in  Germany  where  the 
false  witness  reckons  to  escape  the  spiritual  consequences  of  perjury 
by  crooking  one  finger,  to  make  it,  I  suppose,  not  a  straight,  but  a 
crooked  oath  ;  or  he  puts  his  left  hand  to  his  side  to  neutralize  what 
the  right  hand  is  doing.  Here  is  the  idea  of  our  "  over  the  left " ; 
but  so  far  as  I  know  this  has  come  down  with  us  to  mere  schoolboy's 
shuffling. 

It  has  just  been  noticed  that  the  arsenal  of  deadly  weapons  by 
which  the  natives  of  Aracan  swear  includes  a  tiger's  tusk  and  a 
crocodile's  tooth.  This  leads  us  to  a  group  of  instructive  rites 
belonging  to  Central  and  North  Asia.  A  few  years  ago,  probably  to 
this  day,  there  might  be  seen  in  law-courts  in  Siberia  the  oath  on  the 
bear's  head.  When  an  Ostyak  is  to  be  sworn,  a  bear's  head  is 
brought  into  court,  and  the  man  makes  believe  to  bite  at  it,  calling 
on  the  bear  to  devour  him  in  like  manner  if  he  does  not  tell  the 
truth.  Now  the  meaning  of  this  act  goes  beyond  magic  and  into 
religion ;  for  we  are  here  in  the  region  of  bear- worship,  among  people 
who  believe  that  this  wise  and  divine  beast  knows  what  goes  on,  and 
will  come  and  punish  them.  Nor  need  one  wonder  at  this,  for  the 
idea  that  the  bear  will  hear,  and  come,  if  called  on,  is  familiar  to 
German  mythology.  I  was  interested  to  find  it  still  in  survival  in 
Switzerland  a  few  years  ago,  when  a  peasant  woman,  whom  a  mis- 
chievous little  English  boy  had  irritated  beyond  endurance,  pro- 
nounced the  ancient  awful  imprecation  on  him,  ''The  Bear  take 
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thee  1 "  (Der  Bar  nimm  dioh !).  Among  the  Hill  tribes  of  India  a 
tiger's  skin  is  sworn  oji  in  the  same  senso  as  the  bear's  head  among 
the  Ostyaks.  Bivers,  again,  which  to  the  savage  and  barbarian  are 
intelligent  and  personal  divinities,  are  sworn  by,  in  strong  belief  that 
their  waters  will  pnnish  him  who  takes  their  name  in  vain.  We  can 
understand  why  Homeric  heroes  swore  by  the  rivers,  when  we  hear 
still  among  Hindus  how  the  sacred  Ganges  will  take  vengeance  sore 
and  terrible  on  the  children  of  the  perjurer.  It  is  witib  the  same 
personification,  the  same  fear  of  impending  chastisement  from  the 
outraged  deity,  that  savage  and  barbaric  men  swore  by  sky  or  snn. 
Thns  the  Huron  Indian  would  say  in  making  solenm  promise, 
**  Heaven  hears  what  we  do  this  day ! "  and  the  Tnnguz,  brandishing 
a  knife  before  the  sun,  would  say,  '*  If  I  lie  may  the  sun  plunge 
sickness  into  my  entrails  like  this  knife."  We  have  but  to  rise  one 
stage  higher  in  religious  ideas  to  reach  the  type  of  the  famous  Boman 
oat^  by  Jupiter,  the  Heaven-god.  He  who  swore  held  in  his  hand 
a  stone,  praying  that  if  he  knowingly  deceived,  others  might  be  safe 
in  their  countries  and  laws,  their  holy  places  and  their  tombs,  but 
he  alone  might  be  cast  out,  as  this  stone  now — and  he  flung  it  from 
him.  Even  more  impressive  was  the  great  treaty-oath,  where  the 
pater  patratus,  holding  the  sacred  flint  that  symbolized  the  thunder- 
bolt, called  on  Jove  that  if  by  public  counsel  or  wicked  fraud  the 
Bomans  should  break  the  treaty  first,  ^  in  that  day,  O  Jove,  smite 
thou  the  Boman  people  as  I  here  to-day  shall  smite  this  swine,  and 
smite  the  heavier  as  thou  art  stronger ! "  So  saying,  he  slew  the 
victim  with  the  sacred  stone. 

These  various  examples  may  be  taken  as  showing  the  nature  and 
meaning  of  such  oaths  as  belong  to  the  lower  stages  of  civilization. 
Their  binding  power  is  that  of  curses,  that  the  perjurer  may  be  visited 
by  mishap,  disease,  death.  But  at  a  higher  stage  of  culture,  where 
the  gods  are  ceasing  to  be  divine  natural  objects  like  the  Tiber  or 
Gkinges,  or  the  sun  or  sky,  but  are  passing  into  the  glorified  human 
or  heroic  stage,  like  Apollo  or  Venus,  there  comes  into  view  a  milder 
kind  of  oath,  where  the  man  enters  into  fealty  with  the  god,  whom  he 
asks  to  favour  or  preserve  him  on  condition  of  his  keeping  troth. 
Thus,  while  the  proceeding  is  still  an  oath  with  a  penalty,  Uiis  penalty 
now  lies  in  the  perjurer's  forfeiting  the  divine  favour.  To  this 
milder  form,  which  we  may  conveniently  call  the  *'  oath  of  con- 
ditional favour,"  belong  such  classic  phrases  as,  *'  So  may  the  gods 
love  me!"  (Ita  me  Dii  amenti),  *' As  I  wish  the  gods  to  be  pro- 
pitious to  me ! "  (Ita  mihi  Deos  velim  propitios).  I  call  attention  to 
this  class  of  oaths,  of  which  we  shall  presently  meet  with  a  remarkable 
example  nearer  home.  We  have  now  to  take  into  consideration  a 
movement  of  far  larger  scope. 

Betuming  to  the  great  first-mentioned  class  of  savage  and 
barbaric  oaths,  sworn  by  gestures  or  weapons,  or  by  invocations  of 
divine  beasts,  or  rivers,  or  greater  nature-deities ;  the  question  now  to 
be  asked  is.  What  is  the  nature  of  the  penalties  ?    They  are  that  the 
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perjurer  may  be  withered  bj  disease,  wounded,  drowned,  smitten  by 
the  thunderbolt,  and  so  forth ;  all  these  being  temporal  visible  punish- 
ment&  The  state  of  belief  to  which  the  whole  plan  belongs  is  that 
explicitly  described  among  the  natives  of  the  Tonga  Islands,  where 
oaths  were  received  on  the  declared  ground  that  the  gods  would 
punish  the  false  swearer  here  on  earth.  A  name  is  wanted  to  denote 
this  class  of  oaths,  belonging  especially  to  the  lower  culture.  Let  us 
call  them  "  mundane  oaUis."  Now  it.  is  much  above  their  original 
level  in  culture,  that  the  thought  comes  in  of  the  perjurer  being 
punished  in  a  world  beyond  the  grave.  This  was  a  conception  familiar 
to  the  Egyptians  in  iteir  remotely  ancient  civilization.  It  was  at 
home  among  the  old  Homeric  Greeks,  as  when  Agamemnon,  swearing 
his  mighty  oaths,  calls  to  witness  not  only  Father  Zeus,  and  the  all- 
seeing  sun,  and  the  rivers  and  earth,  but  also  the  Erinnyes  who  down 
below  chastise  the  souls  of  the  dead,  whosoever  shall  have  been  for- 
sworn. Not  less  plainly  is  it  written  in  the  ancient  Hindu  Laws  of 
Manu,  "  A  man  of  understanding  shall  swear  no  false  oath  even  in  a 
trifling  matter,  for  he  who  swears  a  false  oath  goes  hereafter  and  here 
to  destruction."  To  this  stage  of  culture,  then,  belongs  the  introduc- 
tion of  the  new  *'  post-mundane  "  element  into  oaths.  For  ages  after- 
wards, nations  might  still  use  either  kind,  or  combine  them  by  adding  the 
penalty  after  death  to  that  in  life.  But  in  the  latter  course  of  history, 
there  comes  plainly  into  view  a  tendency  to  subordinate  the  old 
mundane  oath,  and  at  last  to  suppress  it  altogether.  How  this  came 
to  pass  is  plain  on  the  face  of  the  matter.  It  was  simply  the  result  of 
accumulated  experience.  The  continual  comparison  of  opinion  with 
facts  could  not  but  force  observant  minds  to  admit  that  a  man  might 
swear  falsely  on  sword's  edge  or  spear's  point,  and  yet  die  with  a  whole 
skin,  that  b^ars  and  tigers  are  not  to  be  depended  on  to  choose  perjurers 
for  their  victims,  and  that  in  fact  the  correspondence  between  the  im- 
precation and  the  event  was  not  real  but  only  ideal.  How  judgment 
by  real  results  thus  shaped  itself  in  men's  minds,  we  may  see  by  the 
way  it  came  to  public  utterance  in  classic  times,  nowhere  put  more 
cogently  than  in  the  famous  dialogue  in  the  **  Clouds  *'  of  Aristophanes. 
The  old  fanner  Strepsiades  asks, "  Whence  comes  the  blazing  thunder- 
bolt that  Zeus  hurls  at  the  perjured?  "  *^  Tou  fool,"  replies  the  Socrates 
of  the  play,  "  you  smack  of  old  Kronos'  times — if  Zeus  smote  perjurers, 
he  would  have  been  down  on  those  awful  fellows  Simon  and  Eleonymos 
and  Theoros.  Why,  what  Zeus  does  with  his  bolt,  is  to  smite  his  own 
temple,  and  the  heights  of  Sunium,  and  the  tall  oaks  !  Do  you  mean 
to  say  that  an  oak-tree  can  commit  perjury  ?  "  What  is  said  here  in 
cha£f,  full  many  a  reasonable  man  in  the  old  days  must  have  said  to 
himself  in  the  soberest  earnest,  and  once  said  or  thought,  but  one 
result  could  come  of  it,  the  result  which  history  shows  us  did  come. 
The  scene  of  the  judicial  oath  was  gradually  changed,  and  the  later 
kind,  of  which  the  penalty  concerned  the  future  life,  remained  practi- 
cally in  possession  of  the  field. 

As  a  point  in  the  Science  of   Culture  which  has  hitherto  been 
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scarcely,  if  at  all,  observed,  I  am  anziouB  to  call  attention  to  tbo 
historical  stratification  of  judicial  oaths,  from  the  lowest  stratum  of 
mundane  oaths  belonging  to  sarage  or  barbaric  times,  to  the  highest 
stratum  of  post-mundane  oaths  such  as  obtain  among  modern  civilized 
nations. 

Bonghly,  the  development  in  the  course  of  ages  may  be  expressed 
in  the  following  two  classifications : 

Mundane  |  |     Curse. 

Mixed  I    Oaths    <     Conditional  favour. 

Post-mundane     )  |     Judgment. 

Though  these  two  series  only  partly  coincide  in  history,  they  so 
far  fit  that  the  judicial  oaths  of  the  lower  culture  belong  to  the  class 
of  mundane  curse,  while  those  of  the  higher  culture  in  general 
belong  to  that  of  post-mundane  judgment.  Anthropologically,  this 
is  the  most  special  new  yiew  I  have  here  to  bring  forward.  It  forms 
part  of  a  wider  gteneralization,  belonging  at  ouce  to  the  Science  of 
Morals  and  the  Science  of  Religion.  But  rather  than  open  out  the 
subject  into  this  too  wide  field,  we  may  do  well  to  fix  it  in  our  minds 
by  tracing  a  curious  historical  point  in  the  legal  customs  of  our  own 
country.  Everyone  knows  that  the  modes  of  administering  a  judicial 
oath  in  Scotland  and  in  England  are  not  the  same.  In  Scotland, 
where  the  witness  holds  up  his  hand  toward  heaven,  and  swears  to 
tell  the  truth  as  he  shall  answer  it  at  the  Day  of  Judgment,  we  have 
before  us  the  most  explicit  possible  example  of  a  post-mundane  oath 
framed  on  Christian  lines.  In  contrasting  this  with  the  English 
judicial  oath,  we  first  notice  that  our  acted  ceremony  consists 
commonly  in  taking  a  New  Testament  in  the  hand  and  kissing  it 
Thus,  unlike  the  Scutch  oath,  the  English  oath  is  sworn  on  a 
halidome  (Anglo-Saxon  hdligdom,  Grerman  heiligihum),  a  holy  or  sacred 
object.  Many  writers  have  fallen  into  confusion  about  this  word, 
mystifying  it  into  sacred  judgment,  or,  "  holy  doom ; "  but  it  is  a 
perfectly  straightforward  term  for  a  sanctuary  or  relic,  as  *'  On  tham 
haligdome  swerian"=  to  swear  by  the  relic.  Now,  this  custom  of 
swearing  on  a  halidome  belongs  to  far  prsB-Chiistian  antiquity,  one 
famous  example  being  when  Hannibal,  then  a  lad  of  nine  years  old, 
was  brought  by  his  father  to  the  altars  and  made  to  swear  by  touching 
the  sacred  things  (tactis  sacris)  that  when  he  grew  up  he  would  be 
the  enemy  of  Rome.  In  classical  antiquity  the  sacred  objects  were 
especially  the  images  and  altars  of  the  gods,  as  it  is  put  in  a  scone  in 
Plautus,  '*  Touch  this  altar  of  Venus  I  "  The  man  answers,  "  I  touch 
it,"  and  then  he  is  sworn.  When  this  ancient  rite  came  into  use  in  early 
Christian  England,  the  object  touched  might  be  the  altar  itself,  or  a 
relic-shrine  like  that  which  Harold  is  touching  with  his  right  fore- 
finger in  the  famous  scene  in  the  Bayeux  tapestry,  or,  it  might  be  a 
Missal,  or  a  book  of  the  Gospels.  In  modern  England  a  copy  of  the 
New  Testament  has  become  the  recognized  halidome  on  which  oaths 
are  taken,  and  the  practice  of  kissing  it  has  almost  supplanted  the 
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older  and  more  general  enstom  of  touching  it  with  the  hand.  Next, 
onr  attention  must  be  called  to  the  remarfabble  formula  in  which  (in 
England,  not  in  Scotland)  the  invocation  of  the  Deity  is  made,  **  So 
help  me  God  I **  or  ''So  help  you  God ! "  Many  a  modem  English- 
man puzzles  oyer  this  obscure  form  of  words.  When  the  question  is 
asked  what  the  meaning  of  the  oath  is,  the  official  interpretation 
practically  comes  to  saying  that  it  means  the  same  as  the  Scotch  oath. 
Bat  neither  by  act  nor  word  does  it  conyey  this  meaning.  So  obYious 
is  the  discrepancy  between  what  is  considered  to  be  meant,  and  what 
is  actually  done  and  said,  that  Paley,  remarking  on  the  di£ferent  forms 
of  swearing  in  different  countries,  does  not  scruple  to  say  that  they 
are  ''  in  no  country  in  the  world,  I  believe,  worse  contrived  either  to 
convey  the  meaning,  or  impress  the  obligation  of  an  oath,  than  in  our 
own. 

This  remark  of  Paley*s  aptly  illustrates  a  principle  of  the  Science 
of  Culture,  which  cannot  be  too  strongly  impressed  on  the  minds  of  all 
who  study  the  institutions  of  their  own  or  any  other  age.  People 
often  talk  of  mystic  formulas  and  mystic  ceremonies.  But  the  more 
we  study  civilization  in  its  earlier  stages,  the  more  we  shall  find  that 
formulas  and  ceremonies,  both  in  law  and  in  religion,  are  as  purpose- 
ful and  business-like  as  can  be,  if  only  we  get  at  them  anywhere  near 
their  origin.  What  happens  afterwards  is  this,  that  while  men's 
thoughts  and  wants  gradually  change,  the  old  phrases  and  ceremonies 
are  kept  up  by  natural  conservatism,  so  that  they  become  less  and  less 
appropriate,  and  then  as  meaning  Mis  away,  its  place  is  apt  to  be 
filled  up  with  mystery.  Applying  this  principle  to  the  English  oath- 
formula,  we  ask  what  and  where  it  originally  was.  It  was  Teutonic- 
Scandinavian,  for  though  corresponding  formulas  are  known  in  Latin 
("Ita  me  adjuvet  Deus"),  and  in  Old  French  ("  Ce  m'ait  Diex,"  &c.), 
these  are  shown  by  their  comparatively  recent  dates  to  be  mere  trans- 
lations of  the  Germanic  originals.  Now  although  ancient  English 
and  German  records  fail  to  give  the  early  history  of  the  phrase,  this 
want  is  fortunately  supplied  by  a  document  preserved  in  Iceland. 
Some  while  after  the  settlement  of  the  island  by  the  Northmen,  but 
long  before  their  conversion  to  Christianity,  the  settlers  felt  the 
urgent  need  of  a  code  of  laws,  and  accordingly  IJlfliot  went  to  Norway 
for  three  years  to  Thorleif  the  Wise,  who  imparted  to  him  his  legiJ 
lore.  Ulfliot  went  to  Norway  aj>.  925,  so  that  the  form  of  judicial 
oath  he  authorized,  and  which  was  at  a  later  time  put  on  record  in 
the  Icelandic  Landn4mab6k,  may  be  taken  as  good  and  old  in  Norse 
law.  Its  prsB-Christian  character  is,  indeed,  obvious  from  its  tenour. 
The  halidome  on  which  it  was  sworn  was  a  metal  arm-ring,  which 
was  kept  by  the  godhi  or  priest,  who  reddened  it  with  the  blood  of  the 
ox  sacnficed,  and  the  swearer  touching  it  said,  in  words  that  are  still 
half  English  :  "  Name  I  to  witness  that  I  take  oath  by  the  ring,  law- 
oath,  so  help  me  Frey,  and  Niordh,  and  almighty  Thor  (hialpi  mer 
sv4  Freyr,  ok  Niordhr,  ok  hinn  alm&ttki  Ass),  as  I  shall  this  suit 
follow  or  defend,  or  witness  bear  or  verdict  or  aoom,  as  I  wit  rightest 
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and  Boothest  and  most  lawfnlly,"  &o.  Here,  then,  we  have  the  foil 
and  intelligible  formnla  which  mnst  very  nearly  represent  that  of 
which  we  keep  a  mutilated  fragment  in  onr  English  oath.  So  close  is 
the  connection,  that  two  of  the  gods  referred  to,  Frey  and  Thor  (who 
is  described  as  the  almighty  god^  are  the  old  English  gods  whose 
names  we  commemorate  in  Friaay  and  Thursday.  The  formula 
belongs,  with  the  classic  ones  lately  spoken  of,  to  the  class  of  oaths  of 
conditional  favour,  ^^  so  help  me  a«  I  shall  do  rightly,"  while 
Frey  and  Niordh  are  gods  whom  a  Norse  warrior  would  ask  for 
earthly  help,  but  who  would  scarcely  concern  themselves  with  his 
soul  after  death.  It  is  likely  that  the  swearer  was  not  indeed  un- 
mindful of  what  the  skalds  sang  of  Nastrond,  the  strand  of  corpses, 
that  loathly  house  arched  of  the  bodies  of  huge  serpents,  whose  heads, 
turned  inward,  dripped  venom  on  the  perjurers  and  murderers  within. 
But  the  primary  formula  is,  as  I  have  said,  that  of  the  oath  of  con- 
ditional favour,  not  of  judgment.  With  the  constituents  of  the 
modem  English  oath  now  fairlj  before  us,  we  see  that  its  incoherence, 
as  usual  in  such  cases,  has  a  historical  interpretation.  What  we  have 
done  is  to  transplant  from  archaic  fetish-worship  the  ceremony  of  the 
halidome  or  consecrated  object,  and  to  combine  with  this  one  half  of 
a  prflB-Christian  formula  of  conditional  favour,  without  the  second 
half  which  made  sense  of  it.  Considering  that  to  this  combination  is 
attached  a  theological  interpretation  which  is  neither  implied  in  act 
nor  word,  we  cannot  wonder  if  in  the  popular  mind  a  certain  amount 
of  obscurity,  not  to  say  mystery,  surrounds  the  whole  transaction. 
Nevertheless  we  may  well  deprecate  any  attempt  to  patch  up  into 
Scotch  distinctness  and  consistency  the  old  formula,  which  may  well 
last  untouched  so  long  as  judicial  oaths  shall  remain  in  use  in 
England. 

Being  in  the  midst  of  this  subject,  it  may  not  be  amiss  to  say  a 
few  words  upon  old  and  new  ideas  as  to  the  administration  of  oaths  to 
little  children.  The  canon  law  expressly  forbade  the  exacting  of  an 
oath  from  children  under  fourteen,  "Pueri  ante  annos  xiv.  non 
cogantur  jurare."  This  prohibition  is  derived  from  yet  earlier  law. 
The  rough  old  Norsemen  would  not  take  oaths  from  children,  as 
comes  out  so  quaintly  in  the  saga  of  Baldur,  where  the  goddess  makes 
all  the  beasts  and  birds  and  trees  swear  they  would  not  harm  him, 
but  the  little  mistletoe  only  she  craved  no  oath  from,  for  she  thought 
it  was  too  young.  Admitting  the  necessity  of  taking  children's  evi- 
dence somehow,  the  question  is  how  best  to  do  this.  In  England  it 
must  be  done  on  oath,  and  for  this  end  there  has  arisen  in  our  courts 
a  custom  of  putting  the  child  through  an  inquisition  as  to  the  theo- 
logical consequences  of  perjury,  so  as  usually  to  extract  from  it  a 
well-known  definition,  wluch  the  stififest  theologian  will  not  stand  to 
for  a  moment  if  put  straight  to  him,  but  which  is  looked  upon  as  a 
proper  means  for  binding  &e  conscience  of  a  little  child.  Moreover, 
children  in  decent  families  learn  to  answer  plain  questions  some  years 
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before  they  learn  to  swear,  aud  material  evidence  is  often  lost  by  the 
child  not  having  been  taught  beforehand  the  proper  answers  to  make 
when  questioned  as  to  the  nature  of  an  oath.  I  heard  of  a  case  only 
lately,  which  was  expected  to  lead  to  a  committal  on  a  charge  of 
murder,  and  where  an  important  point  rested  on  the  evidence  of  a 
young  lad,  who  was  to  all  appearance  truthful,  but  who  did  not  satisfy 
the  bench  that  he  understood  the  nature  of  an  oath.  Those  in  whom 
the  ceremony  of  swearing  a  child  arouses  the  feeling  of  physical 
repugnance  that  it  does  in  myself,  may  learn  with  interest  a  fact  as 
yet  little  known  in  England,  and  which  sufficiently  justifies  my 
bringing  forward  the  subject.  Hearing  that  there  was  something  to 
be  learnt  from  Germany,  I  applied  to  the  eminent  jurist,  Dr.  Gneist, 
of  Berlin,  and  hear  from  him  that  under  the  new  German  Rules  of 
Procedure,  which  are  expected  shortly  to  come  into  force,  the  evideuce 
of  children  under  sixteen  may  be  received  without  oath,  at  the  dis- 
cretion of  the  judge.  In  these  days  there  is  a  simple  rulo,  which  an 
Englishman  will  do  well  to  act  up  to,  and  that  is,  *^  Don't  be  beaten 
by  a  German  1 "  Let  us  live  in  the  heartiest  fellowship  with  the 
Germans,  and  never  let  them  get  ahead  of  us  if  we  can  help  it.  In 
this  matter  of  children's  legal  evidence  they  are  fairly  leaving  us 
behind,  by  introducing  a  plan  which  is  at  once  more  humane  and 
more  effective  than  ours. 

If  now,  looking  at  the  subject  as  one  of  practical  sociology,  we 
consider  what  place  the  legal  oath  has  filled  in  savage,  barbaric,  and 
civilized  life,  we  must  adjudge  to  it  altogether  higher  value  than  to 
the  ordeal.  At  certain  stages  of  culture  it  has  been  one  of  the  great 
forces  of  society.  There  was  a  time  when  Lycurgus  the  orator 
could  tell  the  men  of  Athens  that  the  oath  is  the  very  bond  that 
holds  the  democracy  together.  There  was  a  time  when,  as  Mon- 
tesquieu insists,  an  oath  was  so  binding  on  the  minds  of  the  Bomans 
that  for  its  observance  they  would  do  more  than  even  patriotism  or 
love  of  glory  could  draw  them  to.  In  our  own  day  its  practical 
binding  power  is  unmistakable  over  the  consciences  of  a  numerous 
intermediate  class  of  witnesses,  those  who  are  neither  truthful  nor 
quite  reckless,  who  are  without  the  honesty  which  makes  a  good 
man's  oath  superfluous,  who  will  indeed  lie  solemnly  and  circum- 
stantially, but  are  somewhat  restrained  from  peijury  by  the  fear  of 
being,  as  the  old  English  saying  has  it, "  once  forsworn  ever  forlorn." 
Though  the  hold  thus  given  is  far  weaker  than  is  popularly  fancied, 
it  has  from  time  to  time  led  legislators  to  use  oaths,  not  merely  in 
special  and  solemn  matters,  but  as  means  of  securing  honesty  in  the 
details  of  public  business.  When  this  has  been  done,  the  conse- 
quences to  public  morals  have  been  disastrous.  There  is  no  need  to 
hunt  up  ancient  or  foreign  proofs  of  this,  seeing  how  conspicuous  an 
instance  is  the  state  of  England  early  in  the  present  century,  while  it 
was  still,  as  a  contemporary  writer  called  it,  **  a  land  of  oaths,"  and 
the  professional  perjurer  piled  a  thriving  trade.    A  single  illustration 
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will  suffice,  taken  from  the  valuable  treatise  on  oaths,  published  in 
1834,  by  the  Rev.  Jas.  Endell  Tyler:  "During  the  continuance  of 
the  former  system  of  Custom  House  oaths,  there  were  houses  of  resort 
where  persons  were  always  to  be  found  ready  at  a  moment*s  warning 
to  take  any  oath  required;  the  signal  of  the  business  for  which 
they  were  needed  was  this  inquiry  :  "  Any  damned  soul  here  I  " 
Nowadays  the  enormows  excess  of  public  oaths  has  been  much  cut 
down,  and  with  the  best  results.  Yet  it  must  be  evident  to  students 
of  sociology  that  the  world  will  not  stop  short  at  this  poiDt.  The 
wider  question  is  coming  into  view.  What  effect  is  produced  on  the 
every-day  standard  of  truthfulness,  by  the  doctrine  that  fraudulent 
lying  is  in  itself  a  minor  offence,  but  is  converted  into  an  awful  crime 
by  the  addition  of  a  ceremony  and  a  formula  ?  It  is  an  easily-stated 
problem  in  moral  arithmetic ;  on  the  credit  side  Government  is  able 
to  tighten  with  an  extra  screw  the  consciences  of  a  shaky  class  of 
witnesses  and  public  officers  ;  on  the  debit  side  the  current  value  of 
a  man's  word  is  correspondingly  depreciated  through  the  whole  range 
of  public  and  private  business.  As  a  mere  sober  student  of  social 
causes  and  effects,  dispassionately  watching  the  tendencies  of  opinion, 
I  cannot  doubt  for  a  moment  how  the  public  mind  must  act  on  this 
problem.  I  simply  stand  here  and  predict  that  where  the  judicial 
ordeal  is  already  gone,  there  the  judicial  oath  will  sooner  or  later 
follow.  Not  only  do  symptoms  of  the  coming  change  appear  from 
year  to  year,  but  its  greatest  determining  cause  is  unfolding  itself 
day  by  day  before  observant  eyes,  a  sight  such  as  neither  we  nor  our 
fathers  ever  saw  before. 

How  has  it  come  to  pass  that  the  sense  of  sanctity  of  intellectual 
truth,  and  the  craving  after  its  full  and  free  possession,  are  so 
mastering  the  modem  educated  mind  ?  This  is  not  a  mystery  hard 
to  unravel.  Can  any  fail  to  see  how  in  these  latter  years  the  methods 
of  scientific  thought  have  come  forth  from  the  laboratory  and  the 
museum,  to  claim  their  powers  over  the  whole  range  of  history  and 
philosophy,  of  politics  and  morals?  This  very  spot  has  been  for 
years  an  active  centre  whence  truth  in  thought  has  spread  in  wide 
waves  through  the  outside  world.  Of  intellectual  truthfulness,  truth- 
fulness in  word  and  act  is  the  outward  manifestation.  In  all  modem 
philosophy,  there  is  no  principle  more  fertile  than  the  doctrine  so 
plainly  set  forth  by  Herbert  Spencer,  that  truth  means  bringing  our 
minds  into  accurate  matching  with  the  realities  in  and  around  us ;  so 
that  both  intellectual  and  moral  truth  are  bound  up  together  in  that 
vast  process  of  evolution  whereby  man  is  gradually  brought  into  fuller 
harmony  with  the  universe  he  inhabits.  There  need,  then,  be  no  fear 
that  the  falling  away  of  such  artificial  crutches  as  those  whose  history 
I  have  traced  to-night,  should  leave  public  truth  maimed  and  halting. 
Upheld  by  the  peHect  fitting  of  the  inner  mind  to  the  outer  world, 
the  progress  of  troth  will  be  firmer  and  more  majestic  than  in  the 
ancient  days.     If,  in  time  to  come,  the  grand  old  disputation  before 
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King  Darius  were  to  be  re-enacted,  to  decide  again  the  question, 
*'  What  is  the  strongest  of  all  things  ?  "  it  would  be  said,  as  then,  that 
'*  Truth  abides  and  is  strong  for  evermore,  living  and  conquering 
from  age  to  age."  And  the  people,  as  of  old,  would  say  again  with 
one  voice,  "  Truth  is  great,  and  prevails  I  "  * 

[E.  B.  T.] 


WEEKLY  EVENING  MEETING, 

Friday,  April  28,  1876, 

Geobob  Busk,  Esq.  Treasurer  and  Vice-President,  in  the  Chair. 

Geobge  J.  BoMANBS,  Esq.  M.A.  F.L.S. 

The  Physiology  of  the  Nervous  System  of  Medm<B,^ 

Fofi  the  sake  of  clearness  in  what  follows,  I  shall  begin  by  very 
briefly  describing  such  features  in  the  anatomy  of  the  MedusaB  as  will 
afterwards  be  found  more  especially  to  concern  us.  The  general  form, 
then,  of  these  animals  varies  in  different  species  from  that  of  a  bell  to 
that  of  a  bowl,  an  umbrella,  or  a  saucer.  The  external,  or  convex,  surface 
is  separated  from  the  internal,  or  concave,  surface  by  a  thick  mass  of 
transparent  and  non-contractile  jelly.  The  external  surface  itself 
consists  of  a  thin  layer,  or  sheet,  of  pavement  epithelium  cells,  while 
the  internal  surface  consists  of  a  thin  layer,  or  sheet,  of  muscular 
tissue.  The  structure  thus  far  described  constitutes  the  main  bulk  of 
the  animal,  and  is  called  the  swimming-bell.  From  the  middle,  or 
highest  point,  of  the  internal  surface  of  the  swimming-bell  there 
always  depends  a  contractile  organ,  which  is  called  the  manubrium  or 
polypite.  This  structure,  although  it  varies  greatly  in  different  species 
both  as  to  size  and  form,  is  always  the  mouth  and  stomach  of  the 
animal.  From  the  point  at  which  the  polypite  is  inserted  into  the 
swimming-bell  there  arise  a  system  of  nutrient  tubes,  which  radiate 
quite  down  to  the  margin  of  the  swimming-bell,  where  they  all  open 
into  a  continuous  circular  tube,  which  is  called  the  marginal  canal. 
In  one  large  division  of  the  MedussB — the  naked-eyed— the  radial 
tubes  are  unbranched,  and  usually  four  in  number,  while  in  the 
other  large  division — the  covered-eyed — the  radial  tubes  are  strongly 
branched.  The  margin  of  the  swimming-bell,  both  in  the  naked- 
and  covered-eyed  Medusad,  supports  a  series  of  contractile  tentacles, 
and  also  another  scries  of  bodies  which  are  of  great  importance 
for  us  to-night.  These  are  the  so-called  marginal  bodies,  or  eye- 
specks,  which  vary  in  number,  size,  and  structure  in  different  species. 

♦  Esdrafi  i  4 :  fitydkii  4i  iX'fidtia,  koI  i^cpctf'x^ct.  "  Mdfjna  est  Veritas^  et  prcBvalet.'^ 
t  For  a  fiill  aocoont  of  the  investigation  see  the  Oroonian  Diaoourse  before 

the  Bo3ral  Society,  to  be  published  in  the  forthcoming  volume  of  the  *  Philosophical 
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In  all  the  covered-eyed  species,  however,  the  eje-specks  are  in  the 
form  of  little  bags  of  crystals,  which  are  protected  by  carioosly-shaped 
"  hoods  "  or  "  covers  "  of  gelatinous  tissue.  In  the  naked-eyed  species 
these  hoods  are  always  absent,  and  the  crystals  usually  so.  In 
nearly  all  cases  the  eye-specks  contain  more 
or  less  brightly  coloured  pigments.* 

The  question  as  to  whether  a  nervous 
system  is  present  in  the  Medusas,  is  a  ques- 
tion which  has  long  occupied  the  more  or 
less  arduous  labours  of  many  naturalists. 
Hitherto,  however,  there  has  been  so  little 
agreement  in  their  results,  that  Professor 
Huxley — ^himself  one  of  the  greatest  autho- 
rities upon  the  group — thus  defines  the 
present  standing  of  the  question:  '*No 
nervous  system  has  yet  been  discovered  in 
any  of  these  animals."  j  The  cause  of  this 
uncertainty  is  to  be  found  in  the  fact,  that 
the  transparent  and  deliquescent  nature  of 
the  tissues  of  the  Medusas  renders  adequate 
microscopical  observation  in  tbeir  case  a 
matter  of  extreme  difficulty ;  so  much  so, 
that,  looking  to  the  quantity  and  quality 
of  the  labour  which  has  already  been  be- 
stowed upon  the  question,  I  doubt  whether 
the  latter  could  ever  have  been  satisfac- 
torily settled  by  the  histological  methods 
alone.  As,  however,  there  is  one  very  com- 
petent histologist  who  states  that  in  the 
case  of  one  particular  genus  of  the  Medusad 
it  is  possible,  with  great  care  and  peculiar 
treatment,  to  obtain  microscopical  evidence 
of  the  presence  of  nerves,  I  shall  here 
give  a  brief  epitome  of  his  results.  The 
observer  is  Prof.  Haeckel,  and  he  describes 
the  nervous  system  of  6^eryanta  as  consisting 
of  a  continuous  nerve-fibre  running  all  round 
the  margin  of  the  swimming-bell,  swelling 
out  into  a  ganglion  in  the  immediate  vicinity  of  each  eye-speck,  and 
sending  off  a  nerve-fibre  to  each  of  the  four  radial  tubes.  Thus, 
according  to  Haeckel,  the  course  of  the  nervous  system  everywhere 
follows  the  course  of  the  nutritive  system,  and  forms  a  chain  of 
ganglia  all  the  way  round  the  margin  of  the  swimming-belL     It  will 

*  It  may  not  be  Buperfluous  to  state  that  the  Medusie  swim  by  means  of  an 
alternate  contraction  and  relaxation  of  the  entire  bell.  At  each  contraction 
water  is  ejected  from  the  open  mouth  of  the  bell,  and  the  oonsequent  reaction 
propels  the  animal  in  the  opposite  direction. 

t  Claasification  of  Animals,  p.  22. 


Barsia  x  3  times. 
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immediately  be  seen  in  how  striking  a  manner  Prof.  Haeckers  histo- 
logical observations  are  confirmed  by  the  physiological  experiments 
which  I  will  now  proceed  to  describe. 

Fundamental  Observations. — In  the  case  of  all  the  naked-eyed 
Mednsie  which  I  have  been  able  to  procure— viz.  thirteen  species 
belonging  to  six  of  the  most  divergent  genera — it  has  been  found  by 
numberless  experiments,  that  excision  of  the  entire  margin  of  a 
swimming- bell  is  invariably  followed  by  immediate,  total,  and  permanent 
paralysis  of  the  entire  organ.  That  is  to  say,  if  we  take  any  naked- 
eyed  Medusa  which  is  swimming  about  in  the  astonishingly  active 
and  vigorous  way  that  is  characteristic  of  these  animals,  and  if  with 
a  pair  of  scissors  we  cut  oflf  the  extreme  periphery  of  the  swimming- 
bell,  then  all  the  swimming  motions  instantly  cease,  and  are  never 
again  resumed.  It  would  be  impossible  to  imagine  anything  more 
decided  than  is  this  highly  remarkable  effect.  Ind<'ed,  I  do  not  know 
of  any  case  in  the  whole  animal  kingdom  where  the  removal  of  a 
centre  of  spontaneity  is  followed  by  so  sudden  and  so  complete  a 
paralysis  of  the  muscular  system — even  such  gentle  reflex  twitchings 
as  are  observable  in  the  muscles  of  vertebrated  animals  after  removal 
of  the  brain  not  being  here  apparent. 

So  much,  then,  for  the  mutilated  swimming-^  ell ;  it  is  completely 
and  permanently  paralyzed.  But,  on  the  other  hand,  the  margin 
which  has  just  been  removed  from  the  swimming-boll  continues  its 
rhythmical  motions  with  a  vigour  and  a  pertinacity  not  in  the  least 
impaired  by  its  severance  from  the  main  organism.  For  hours,  and 
even  for  days,  after  the  operation  these  motions  persist ;  so  that  the 
contrast  betvveen  the  death-like  quiescence  of  the  mutilated  swimming- 
bell,  and  the  active  contractions  of  the  thread-like  portion  which  has  just 
been  removed  from  its  margin,  is  a  contrast  as  striking  as  it  is  possible 
to  conceive.  Of  course  it  does  not  signify  how  large  or  how  small  a 
part  of  the  swimming-bell  is  left  adhering  to  the  severed  margin  ;  for 
whether  this  part  be  large  or  small,  it  continues  to  be  animatc'd  by  the 
margin.  For  instance,  if  in  Sarsia  (Fig.  1)  the  incision  be  carried 
through  the  equator  of  the  animal,  then  all  the  upper  half  of  the 
swimming-bell  is  paralyzed,  while  all  the  lower  half  continues  its 
contractions  as  before ;  only,  as  the  latter  is  now  converted  into  an 
open  tube,  it  is,  of  course,  unable  to  progress. 

Hence  there  can  bo  no  doubt  that  in  the  naked-eyed  MedusflD  all 
the  spontaneity  of  the  swimming-bell  is  lodged  exclusively  in  the 
marginal  rim.  The  question,  however,  arises,  Is  every  part  of  the  mar- 
ginal rim  equally  endowed  with  the  function  of  spontaneity,  or  iti  this 
function  lodged  only  or  chiefly  in  the  marginal  bodies  ?  Now  it  is 
impossible  to  answer  this  question  by  direct  experiment  in  the  cose  of 
most  of  the  species,  from  the  fact  that  the  marginal  bodies  are  too  nu- 
merous to  admit  of  being  cut  out  separately.  In  the  case  a(  Sarsia,  how- 
ever, the  marginal  bodies  are  only  four  in  number  ;  so  that  nothing  can 
be  easier  than  to  try  the  differential  experiment,  of  first  cutting  out  all 
the  four  marginal  bodies  without  iiguring  any  of  the  intertentacular 
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margmal  tissiie,  and  then,  oonversely,  of  cutting  oat  all  the  inter- 
tentacular  marginal  tissue  without  injuring  any  of  the  marginal  bodies. 
Well,  I  find  by  these  experiments  that  in  Sarsia  (and  so  probably  in 
all  the  naked-eyed  Medusie,)  the  principal  ganglionic  supply  is  seated 
in  the  marginal  bodies ;  but  that,  nevertheless,  it  is  not  ^cdusivdy  so. 
For  whatever  be  the  condition  of  the  animal  as  to  size,  vigour,  &o., 
before  the  operation,  it  endures  removal  of  three  of  its  eye-specks 
without  suffering  much  apparent  detriment;  but  immediately  the 
fourth  one  is  removed  the  animal  falls  to  the  bottom  of  the  water 
perfectly  motionless.  If  the  specimen  was  not  previously  in  a 
vigorous  condition,  it  will  perhaps  never  move  again :  it  has  been  killed 
by  nervous  shock.  But  if  the  specimen  was  previously  in  a  lively 
state,  the  period  of  quiescence  will  probably  be  but  short — varying 
from  a  few  seconds  to  half  an  hour,  or  more.  Usually,  however,  the 
motions  of  the  animal  after  the  operation  are  conspicuously  less 
vigorous  than  they  were  before  it.  Nevertheless,  the  fact  that  any 
motion  at  all  takes  place  after  removal  of  the  marginal  bodies  alone, 
proves  that  some  ganglia  must  be  present  in  the  intervening  portions 
of  the  margin.  Occasionally,  indeed,  it  happens  that  the  swimming- 
bell  of  Sarsia  will  continue  its  pulsations  after  all  the  margin  has 
been  removed,  with  the  exception  of  a  piece  of  the  intertentacular 
tissue  so  small  as  to  be  invisible  without  the  aid  of  a  powerful  lens. 

So  much,  then,  for  the  naked-eyed  Meduste.  Turning  now  to  the 
covered-eyed  Medusie,  or  those  large  sea-blubbers  with  which  we  are 
all  acquainted,  I  find  that  removal  of  the  margin  is  attended  with 
results  analogous  to^  but  not  identical  with^  the  results  which  we  have 
just  seen  to  be  so  remarkable  in  the  case  of  the  naked-eyed  MedussB. 
For,  in  the  case  of  the  covered-eyed  MedussB,  the  paralysis,  though 
usually  complete  for  a  time,  is  not  always  permanent.  After  periods 
varying  from  a  few  seconds  to  half  an  hour  or  more,  occasional  con- 
tractions begin  to  manifest  themselves,  or  the  contractions  may  even 
be  resumed  with  but  little  apparent  change  in  their  character  and 
frequency.  But  there  are  great  differences  in  different  species  of 
covered-eyed  Medus»  in  these  respects,  and  I  have  no  time  to  enter 
into  details.  It  must,  therefore,  be  sufficient  to  say  that,  looking  to 
the  covered-eyed  Medus»  as  a  whole,  they  differ  from  the  naked-eyed 
Medusad  in  that  their  ganglionic  supply,  although  without  question 
principally  situated  in  the  margin,  is  not  exdusiody  so  situated.  It 
seems  as  though  the  ganglionic  system,  like  the  nutritive  system,  is 
more  diffused  in  the  one  group  than  in  the  other. 

Ooming  next  to  the  question  as  to  the  relative  value  of  the 
marginal  bodies  and  of  the  intervening  portions  of  the  margin  in 
respect  of  ganglionic  function,  I  have  a  different  answer  to  give  in  the 
case  of  the  covered-eyed  Medusas  from  that  which  I  have  already 
given  in  the  case  of  tiie  naked-eyed  Medusas.  For,  in  the  covered- 
eyed  Medusas,  all  the  remarkable  paralyzing  effects  which  follow  upon 
cutting  off  the  whole  margin,  follow  equally  well  upon  cutting  out 
the  marginal  bodies  alone ;  and  any  sized  portion  of  contractile  tissue 
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left  adhering  to  an  exoised  marginal  body  will  continue  its  rhythmical 
pulsations,  while  all  other  parts  of  the  margin  when  detached  at  once 
cease  to  move.  The  differences,  then,  between  the  ganglionic  system 
of  the  naked-  and  of  the  coTcred-eyed  Medusie  may  be  roughly  summed 
up  thus :  —The  ganglionic  system  of  a  covered-eyed  Medusa  is  usually 
more  diffused  than  fiiat  of  a  naked-eyed  Medusa,  if  we  have  regard  to 
the  orgaTUsm  as  a  whole ;  but  it  is  less  diffused  if  we  have  regard  to 
the  margin  alone. 

As  tiie  question  concerning  the  presence  of  a  nervous  system  in 
Medusa  has  long  been  a  warmly  disputed  one,  I  may  here  observe  that 
there  is  no  other  instance  in  the  whole  animal  kingdom  of  so  great  a 
disproportion  between  the  mass  of  a  ganglionic  centre  and  that  of  the 
structure  which  it  is  capable  of  animating,  as  there  is  between  the 
mass  of  a  marginal  body  and  that  of  the  swimming-bell  in  the  case  of 
a  large  covered-eyed  Medusa.  Thus,  in  order  to  obtain  an  exact  esti- 
mation in  a  good-sized  jelly-fish  weighing  30  lb.,  I  cut  out  all  the  mar- 
ginal bodies  except  one,  and  observed,  as  is  always  the  case  when  this 
is  done,  that  the  single  remaining  ganglion  continued  to  animate  the 
entire  swimming-beU.  I  then  cut  out  this  ganglion  also,  and  thus 
paralyzed  the  bell.  Lastly,  I  weighed  the  excised  marginal  body, 
and  obtained  the  surprising  result  that  it  had  been  previoudy  actively 
animating  a  structure  80,000,000  times  its  own  weight ! 

Stimulation. — ^All  the  tissues  of  all  the  Medusad  are  keenly  sensitive 
to  all  kinds  of  stimulation.  When  a  swimming-bell,  for  instance,  is 
paralyzed  by  excision  of  its  margin,  it  invariably  responds  to  a  iingU 
stimulus  by  once  performing  that  movement  which  it  would  have  per- 
formed in  response  to  that  stimulus  had  it  still  been  in  an  unmutilated 
state. 

To  mechanical  stimulation  the  sensitiveness  of  the  paralyzed  bells 
is  wonderfully  great — a  drop  of  water  let  fall  from  an  inch  in  height 
upon  the  contractile  tissue  being  sufficient,  in  some  species,  to  elicit  a 
responsive  contraction. 

Towards  electrical  stimulation  the  behaviour  of  the  mutilated  bells 
and  of  the  severed  margins  differs  in  an  important  particular;  for 
while  the  mutilated  bells  continue  responsive  to  make  and  break  of 
the  constant  current  after  they  cease  to  be  affected  by  strong  induction 
shocks,  or  even  by  Faradaic  electricity  with  the  secondary  coil  pushed 
to  zero,  the  reverse  is  true  of  the  severed  margins— these  continuing 
responsive  to  induction  shocks  after  they  have  ceased  to  be  affected 
by  make  and  break  of  the  constant  current  (one  Daniell's  cell  in  all 
cases).  This  fact  tends  strongly  to  confirm  the  view  that  the 
specialized  tissue  of  the  margin  is  of  a  truly  ganglionic  nature. 

By  means  of  a  Dn  Bois-Beymond  induction  apparatus  and  of 
needle-point  terminals  (the  needles  being  passed  tiirough  a  small 
piece  of  cork  as  a  support,  and  the  cork  being  fixed  to  the  stage- 
foroops  on  the  mechanical  stage  of  a  Boss's  microscope),  I  was 
able  to  investigate  the  distribution  of  excitable  tracts  in  Sarsia. 
I  found  that  there  is  an  uninterrupted  increase  of  excitability  from 
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the  apex  to  the  base  of  the  swimming-bell,  that  the  positions  oocnpied 
by  the  radial  tubes  are  tracts  of  comparatively  high  excitability,  and 
that  the  eye-specks  are  the  most  excitable  portions  of  the  margin. 
Thus  all  my  experiments,  both  in  section  and  stimulation,  confirm,  in 
a  very  remarkable  manner,  the  histological  observations  of  Professor 
HaeckeL 

EaDkaustion  of  the  excitable  tissues  may  easily  be  shown  by  the 
ordinaiy  methods.  Exhausted  tissue  is  much  less  sensitive  to  stimu- 
lation than  is  fresh  tissue,  and,  so  far  as  the  eye  can  judge,  the  con- 
tractions are  slower  with  the  period  of  latent  stimulation  prolonged. 

Tetanus  produced  by  Faradaic  electricity  is  not  of  the  nature  of  an 
apparently  prolonged  contraction,  but  that  of  a  number  of  contrac- 
tions rapidly  succeeding  one  another,  as  in  a  frog's  heart  under  the 
influence  of  similar  stimulation. 

In  their  behaviour  towards  chemical  stimuli,  the  excitable  tissues 
of  all  the  Medusa  conform  in  every  respect  to  the  rules  which  are 
followed  by  the  nervo-muscular  tissues  of  higher  animals.  Both  the 
severed  margins  and  the  mutilated  swimming  organs,  as  well  as  severed 
tentacles  and  polypites,  respond  to  applications  of  various  adds, 
alkalis,  solutions  of  various  metallic  sfdts,  alcohol,  ether,  glycerine, 
&o.    Fresh  water  is  quickly  fatal  to  the  Medusas. 

SsonoN. — Thus  far,  then,  we  have  seen  that  the  margin  of  a  jelly- 
fish contains  the  ganglia  or  nerve-centres  of  the  animal,  and  that  after 
the  removal  of  these  ganglia  the  rest  of  the  animal  remains  responsive 
to  all  the  known  modes  of  stimulation.  The  question  now  arises,  How  is 
the  influence  of  the  marginal  ganglia  distributed  over  the  expanse  of  the 
muscular  sheet  ?  Are  there  anything  resembling  nerve-fibres  leading 
from  the  ganglionic  centres  of  the  margin  to  all  parts  of  the  muscular 
sheet,  or  are  the  connections  of  a  more  primitive  nature — the  gan- 
glionic impulse  being  discharged  into  the  muscle-fibres  that  lie  in 
the  immediate  vicinity  of  the  ganglia,  and  these  muscle-fibres  propa- 
gating the  impulse  to  the  next  adjacent  muscle-fibres,  and  so  on  in  the 
^rm  of  a  wave  of  contraction,  such  as  we  see  to  occur  in  primitive 
protoplasm,  where  the  living  material  has  not  as  yet  been  differentiated 
into  either  muscle  or  nerve  ?  This  question  is  one  of  great  interest 
both  to  the  physiologist  and  to  the  evolutionist ;  but  as  I  have  no  time 
to  state  all  the  issues  which  it  involves,  I  will  merely  observe  that,  as 
the  MedusBB  are  the  first  animals  in  the  ascending  scale  of  life  where 
the  presence  of  ganglia  can  be  shown  to  occur,  we  have  in  them  the 
opportunity  of  ascertaining  whether  ganglia  appear  upon  the  scene 
of  life  before  nerve-fibres  do,  or  whether  the  evolution  of  nerve- 
fibres  proceeds  |)artp(M«tt  with  the  evolution  of  ganglia.  Now  I  fear 
it  is  impossible  to  answer  the  question  before  us  by  microscopical 
observation;  for,  if  any  general  nerve-plexus  is  present  in  the  Medusfe, 
its  constituent  fibres  are  too  transparent  to  admit  of  being  actually 
seen.  There  is,  however,  another  method  by  which  I  hope  to  answer 
this  question,  and  that  is  by  section. 

Aurdia  auriia  is  a  covered-eyed  Medusa  of  a  flattened  form,  and 
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about  the  siase  of  a  soup-plate.  It  has  eight  marginal  bodies,  and 
when  all  these  are  removed  the  animal  is  usually  as  completely 
paralyzed  as  is  a  naked-eyed  Medusa  when  deprived  of  its  margin. 
If,  however,  only  seven  of  the  eight  bodies  be  removed,  the  eighth 
one  continues  to  animate  the  entire  bell ;  and  it  may  now  be  quite 
plainly  seen  that  the  contractions  of  the  muscular  sheet  always 
originate  in  the  immediate  neighbourhood  of  the  single  remaining 
marginal  body,  and  then  spr^  out  with  the  greatest  rapidity 
until  the  whole  muscular  sheet  takes  part  in  the  contraction.  The 
appearance  presented  is  that  of  two  contractile  waves  which  start 
at  the  same  instant,  one  on  each  side  of  the  marginal  body,  and  which 
then  course  with  equal  rapidity  in  opposite  directions,  and  so  meet  at 
the  point  of  the  flattened  disc  that  is  opposite  to  the  marginal  body. 
Now  the  question  is.  Do  these  contractile  waves  require  the  presence 
of  nerve-fibres  to  convey  them,  or  do  they  merely  pass  fix>m  one 
musde-fibre  to  another  ?  To  answer  this  question  I  submitted  these 
jelly-fish  to  various  forms  of  section,  some  of  which  are  here  repre- 
sented. If  you  imagine  all  the  expanse  of  this  muscular  sheet  to  be 
pervaded  by  a  nervous  plexus,  one  would  think  that  when  it  is  cut  as 
here  represented,  the  conducting  function  of  the  nervous  plexus  would 
require  to  be  destroyed.  You  see  there  is  only  one  ganglion  (g)  left 
in  its  place,  so  that  the  contractile  waves,  when  radiating  from  it,  are 

Fig.  2. 


obliged,  if  they  pass  at  all,  to  zig-zag  round  and  round  the  tops  of 
these  interdigitating  cuts;  and  therefore  a  moment's  thought  will 
show  how  destructive  such  a  mode  of  section  must  be  to  the  con- 
tinuity of  anything  at  all  resembling  a  nervous  plexus.  Yet  the  jelly- 
fish from  which  this  drawing  was  ta^en  continued  to  swim  about  after 
being  cut  in  this  way  almost  as  well  as  it  did  before  the  operation. 
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Eyen  the  Ume  required  for  the  contractile  waves  to  pass  from  the 
ganglion  to  the  opposite  side  of  the  disc  was  only  very  slightly  pro- 
h>nged  by  the  sections. 

Here,  again,  is  another  form  of  section.  Seven  marginal  bodies 
haying  been  removed  as  before,  the  eighth  one  was  made  the  point  of 
origin  of  a  circumferential  section,  which  was  then  carried  round  and 
round  the  disc  in  the  form  of  a  continuous  spiral,  the  result,  of 
course,  being  this  long  riband-shaped  strip  of  tissue  with  the  ganglion 

Fio.  3. 


(g)  at  one  end,  and  the  remainder  of  the  swimming-bell  at  the  other. 
Well,  as  before,  the  contractile  waves  always  originated  at  the  gan- 
glion ;  but  now  they  had  to  course  all  the  way  fdong  the  strip  until 
they  arrived  at  its  other  extremity,  and  as  each  wave  arrived  at  that 
extremity  it  delivered  its  influence  into  the  remainder  of  the 
swimming-bell,  which  thereupon  contracted.  Hence,  from  this 
mode  of  section  as  from  the  last  one,  the  deduction  certainly 
appears  to  be  that  the  passage  of  the  contractile  waves  cannot  ^ 
dependent  on  the  presence  of  a  nervous  plexus;  for  nothing  could 
well  be  imagined  as  more  destructive  of  the  continuity  of  such  a 
plexus  than  Siis  spiral  mode  of  section  must  be. 

Nevertheless,  there  is  an  important  body  of  evidence  to  be  adduced 
on  the  other  side ;  but,  as  I  can  only  wait  to  state  a  few  of  the  chief 
points,  I  shall  confine  my  observations  to  the  spiral  mode  of  section. 
First  of  all,  then,  I  have  invariably  found  it  to  be  the  case,  that  if 
this  mode  of  section  be  carried  on  sufficiently  far,  a  point  is  sooner  or 
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later  sure  to  come  at  which  the  contractile  waYes  cease  to  pass 
forward:  they  hecome  blocked  at  that  point.  Moreover,  the  point 
at  which  such  blocking  of  the  waves  takes  place  is  extremely  variable 
in  different  individuals  of  the  same  species.  Sometimes  the  waves  will 
become  blocked  when  the  strip  is  only  an  inch  or  less  in  length, 
while  at  other  times  they  continue  to  pass  freely  from  end  to  end  of 
a  strip  that  is  only  an  inch  broad  and  nearly  a  yard  long;  and 
between  these  two  extremes  there  are  all  degrees  of  variation.  Now 
if  we  suppose  that  the  influence  of  the  ganglion  at  the  end  of  the 
strip  is  propagated  as  a  mere  muscle-wave  along  the  strip,  I  cannot 
see  why  such  a  wave  should  ever  become  blocked  at  all,  still  less  that 
the  point  at  which  it  does  become  blocked  should  be  so  variable  in 
different  individuals  of  the  same  species.  On  the  other  hand,  if  we 
suppose  the  propagation  of  the  ganglionic  influence  to  be  more  or  less 
dependent  on  tiie  presence  of  a  more  or  less  integrated  nerve-plexus, 
we  encounter  no  difficulty ;  for  on  the  general  theory  of  evolution  it 
is  to  be  expected,  that  if  such  fibres  are  present  in  such  lowly  animals, 
they  should  not  be  constant  as  to  position. 

But  there  is  a  still  stronger  argument  in  favour  of  nerve-fibres,  and 
it  is  this.  At  whatever  point  in  a  spiral  strip  which  is  being  pro- 
gressively elongated  by  section  the  blocking  of  the  contractile  wave 
takes  place,  such  blocking  is  sure  to  take  place  completely  and 
exclusively  at  that  point  Now  I  cannot  explain  this  invariable  fact 
in  any  other  way  than  by  supposing  that  at  tiiat  point  the  section  has 
encountered  a  line  of  functionally  differentiated  tissue — has  severed 
an  incipient  nerve. 

On  the  whole,  therefore,  I  provisionally  adopt  the  supposition  that 
all  parts  of  the  muscular  sheet  of  the  Modus®  are  pervaded  by  a 
plexus  of  more  or  less  rudimentary  nerves,  or  "  lines  of  discharge ;  '* 
and  I  explain  the  fact  of  the  tissues  enduring  the  severe  forms  of 
section  here  r^resented  without  suffering  loss  of  their  physiological 
continuity,  by  supposing  that  all  the  rudimentary  fibres  composing 
the  plexus  are  capable,  in  an  extraordinarily  high  degree,  of  vicarious 
action. 

There  are  a  great  many  more  things  which  I  should  like  to  say 
about  these  and  other  modes  of  section ;  but  I  must  now  direct  your 
attention  to  another  part  of  the  inquiry.  Various  naturalists  have 
speculated  as  to  the  possibility  of  the  so-called  eye-specks,  or  marginal 
bodies,  of  the  Medusas  being  incipient  organs  of  vision.  Such  specu- 
lation, of  course,  was  of  Httle  better  Yslne  than  a  guess ;  for  the 
marginal  bodies  of  the  Medus®  do  not  resemble  any  other  form  of 
visual  apparatus  with  which  we  are  acquainted.  The  guess,  however, 
in  this  case  happens  to  be  correct. 

Having  pLiced  several  hundred  Sarna  in  a  large  bell-jar,  and  having 
completely  shut  out  the  daylight  from  the  room  in  which  the  jar  was 
standing,  by  means  of  a  dark  lantern  and  concentrating  lens  I  then 
cast  a  beam  of  light  through  the  water  in  which  the  Sarsia  were 
swimming.    The  effect  was  most  curious  and  interesting.    From  all 
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parte  of  the  jar  the  Sarsia  crowded  into  the  path  of  the  beam,  and 
were  particularly  numerous  at  the  side  of  the  jar  nearest  the  light. 
Indeed,  close  against  the  glass  at  that  side  thej  formed  an  almost 
solid  mass,  which  followed  the  light  wherever  it  was  moved.  The 
animals  moreover  were  very  excited — dashing  themselves  against  the 
glass  very  much  as  moths  do  under  similar  circumstances.  There 
can  thus  be  no  doubt  about  the  MedussB  being  able  to  see.  I  there- 
fore next  took  a  dozen  vigorous  specimens,  and  placed  them  in 
another  bell-jar  by  themselves.  From  nine  of  these  I  removed  the 
marginal  bodies,  while  the  other  three  were  left  unmutilated.  -  The 
three  unmutilated  specimens  sought  the  light  as  before,  but  the  nine 
which  were  deprived  of  their  marginal  bodies  swam  hither  and  thither 
without  paying  it  any  regard.  I  conclude,  therefore,  that  they  were 
blinded  by  the  operation,  and  hence  that  the  so-called  eye-specks  are, 
properly  speaking,  rudimentary  organs  of  vision. 

This  fact  I  consider  to  be  one  of  considerable  interest,  because,  as 
already  stated,  the  structure  of  the  eye-speck  does  not  resemble  that  of 
any  other  type  of  visual  apparatus ;  so  that  it  thus  affords  us  another 
instance  of  the  plasticity  of  nerve-organization — organization  which  is 
already  known  to  be  affected  by  light  through  such  divers  structures 
as  are  the  eye  of  vertebrated  animals,  the  compound  eye  of  the  higher 
articulated  animals,  and  the  ocellus  of  still  lower  types.  And  not  only 
so,  but  in  the  Medusea,  where  both  nerves  and  sense-organs  first 
appear  upon  the  scene  of  life,  the  rudimentary  sense-organs  seem  to 
revel,  as  it  were,  in  undergoing  in  different  species  all  sorts  of  modifica- 
tions of  structure.  Another  point  of  interest  connected  with  these 
rudimentary  sense-organs  is,  tiiat  the  rays  by  which  they  are  affected 
appear  to  be  the  same  as  those  by  which  our  own  eyes  are  affected ; 
for,  on  repeating  the  above-mentioned  experiment  with  the  non- 
Inminous  part  of  the  spectrum,  I  found  that  the  Sarsia  did  not  appear 
to  perceive  the  presence  of  the  beam. 

PoisoHS. — The  influence  of  the  nerve-poisons  on  the  MedussB  con- 
stitutes an  important  branch  of  the  inquiry  on  which  I  am  engaged ; 
for  in  them  we  have,  as  it  were,  a  test  whereby  to  ascertain  whether 
nerve-tissue,  where  it  can  first  be  shown  to  occur  in  the  animal  king- 
dom, is  of  the  same  essential  character  as  the  nerve-tissue  of  higher 


Chloroform,  ether,  morphia,  &c.,  all  exert  their  ansdsthesiating 
influence  on  the  Medusad  quite  as  decidedly  as  they  do  on  the  higher 
animals.  Soon  after  a  few  drops  of  the  anaBsthetic  have  been  added  to 
the  water  in  which  the  Medusfe  are  contained,  the  swimming  motions 
of  the  latter  become  progressively  slower  and  feebler,  until  in  a 
minute  or  two  they  cease  altogether,  the  animals  remaining  at  the 
bottom  of  the  water  apparently  quite  dead.  No  form  or  degree  of  stimu- 
lation will  now  elicit  flie  slightest  response ;  and  this  fact,  it  must  be 
remembered,  is  quite  as  remarkable  in  the  case  of  the  Meduso  as  in 
that  of  any  other  animal.  Recovery  in  normal  sea-water  is  exceed- 
ingly rapid,  especially  in  the  case  of  chloroform  and  ether. 


Digitized  by  VjOOQIC 


176  Mr.  0.  J,  Rmanes  on  Nervous  System  of  MednM.    [April  28, 

The  effeots  of  strjolmia  may  be  best  observed  on  a  species  called 
Cyancea  capiUata^  from  the  fact  that,  in  water  kept  at  a  constant  tem- 
peratore,  the  ordinary  swimming  motions  of  this  animal  are  as  regular 
and  sustained  as  the  beating  of  a  heart.  But  soon  after  the  water  has 
been  poisoned  with  strychnia,  unmistakable  signs  of  irregularity  in 
the  swimming  motions  begin  to  show  themselves.  Gradually  these 
signs  of  irregularity  become  more  and  more  pronounced,  until  at  last 
they  develop  into  well-marked  convulsions.  The  convulsions  show 
themselves  in  the  form  of  extreme  deviations  from  the  natural  rhythm 
of  this  animal's  motion.  Instead  of  the  heart-like  regularity  with 
which  systole  and  diastole  follow  one  another  in  the  unpoisoned 
animal,  we  may  now  observe  prolonged  periods  of  violent  contraction, 
amounting  in  fsict  to  tonic  spasm;  and  even  when  this  spasm  is 
momentarily  relieved,  the  relaxation  has  no  time  to  assert  itself  pro- 
perly before  another  spasm  supervenes.  Moreover,  these  convulsions 
are  very  plainly  of  a  paroxysmal  nature ;  for  after  they  have  lasted 
from  five  to  ten  minutes,  a  short  period  of  absolute  repose  comes  on, 
during  which  the  jelly-fish  expands  to  its  full  dimensions,  falls  to  the 
bottom  of  the  water  in  which  it  is  contained,  and  looks  in  every  way 
like  a  dead  animaL  Very  soon,  however,  another  paroxysm  sets  in, 
and  so  on — ^prolonged  periods  of  convulsion  alternating  with  shorter 
periods  of  repose  for  several  hours,  until  finally  death  puts  an  end  to 
all  these  symptoms  so  characteristic  of  strychnine  poisoning  in  the 
higher  animals. 

Curare,  when  administered  in  appropriate  doses  to  the  higher 
animals,  has  the  remarkable  effect  of  destroying  the  function  of  all  the 
motor  nerves  in  the  body,  while  it  leaves  the  function  of  the  sensory 
nerves  intact.  My  method  of  applying  this  poison  to  the  Medusie  was 
very  simple.  Choosing  a  large  and  flat-shaped  species  of  the  naked- 
eyed  group  (viz.  Staurophara  ladnicUa)^  which  always  responds  to 
stimulation  with  a  peculiar  spasm-like  movement,  I  divided  ike  speci- 
men across  its  whole  diameter,  with  the  exception  of  a  small  piece  of 
marginal  tissue  at  one  side,  which  I  left  to  act  as  a  connecting  link 
between  the  two  resulting  halves.  One  of  these  halves  I  placed  in 
normal  sea-water,  and  the  other  in  water  poisoned  with  curare.  The 
effects  were  most  marked  and  beautiful.  Previous  to  the  administration 
of  the  poison  both  halves  of  the  divided  Medusa  were,  of  course,  con- 
tracting vigorously — the  contractile  waves  now  running  from  half  A 
to  half  B,  and  now  vice  versd.  But  after  one  of  the  halves  had  been 
sufficiently  poisoned,  all  motion  in  it  completely  ceased,  the  un- 
poisoned half,  however,  continuing  to  contract  as  before.  If  the 
poisoned  half  were  now  irritated,  by  nipping  with  the  forceps  or 
otherwise,  it  did  not  itself  move,  but  the  other,  or  unpoisoned  half, 
immediately  responded  to  the  stimulation  by  performing  the  highly 
distinctive  spasmodic  movement  already  refened  to.  This  observa- 
tion I  consider  to  be  one  of  the  highest  importance,  because  it  shows 
that  in  those  animals  where  we  find  the  first  indications  of  a  nervous 
system,  this  system  has  already  undergone  a  differentiation  of  function 
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in  its  constiiaent  parts,  analogous  to  that  which  we  obsetre  in  the 
sensory  and  motor  tracts  of  higher  animals. 

Alcohol  has  the  effect,  in  the  first  instance,  of  accelerating  the 
frequency  of  the  locomotor  contractions,  and  also  of  impairing  their 
regularity:  the  swimming  motions  are  therefore  of  an  excited  and 
florried  character,  very  different  from  the  rhythmical  pulsations  of 
the  unpoisoned  animal.  Presently,  however,  a  drowsiness  begins  to 
come  on,  and  this  increases  more  and  more  until  finally  the  jelly-fish 
ceases  its  motions  altogether,  lying  perfectly  still  in  a  state  of  stupid 
torpidity.  In  normal  sea-water,  however,  this  state  of  intoxication 
gradually  passes  away,  and  eventually  the  Medusa  is  swimming  about 
again  as  soberly  as  ever. 

It  is  interesting  to  observe,  that  if  any  of  the  narcotic  poisons 
(including  curare)  be  injected  into  one  of  the  marginal  bodies  of  a 
Medusa,  that  particular  marginal  body  immediately  ceases  to  perform 
its  functions.  Again,  if  any  of  these  poisons  be  injected  through  one 
of  the  nutrient  tubes  which  cross  at  right  angles  the  contractile  strip 
represented  in  Fig.  3  (the  nutrient  tubes  are  not  represented),  the 
contractile  waves  become  blocked  at  the  transverse  line  occupied  by 
the  injected  tube,  and  this  quite  as  sharply  as  if  the  contractile  strip 
had  been  cut  through  at  that  line.  Fuither,  if  any  portion  of  the 
length  of  such  a  contractile  strip  be  immersed  in  water  containing 
any  of  the  narcotic  poisons,  the  contractile  waves  first  have  their  rate 
diminished  while  travelling  through  the  poisoned  portion  of  the  strip, 
and  very  shortly  afterwar£i  become  blocked  at  the  boundary  of  the 
poisoned  water.  On  now  transferring  the  poisoned  portion  of  the 
strip  to  normal  sea-water,  the  contractile  waves  again  begin  to  force 
their  passage — at  first  slowly  and  with  difficulty,  but  every  wave  that 
passes  renders  the  course  more  easy  for  its  successor,  untU  very  soon 
the  strip  is  again  contracting  from  end  to  end  at  the  same  rate  and 
with  the  same  vigour  as  it  did  before  it  was  submitted  to  the  influence 
of  the  narcotic. 

[G.  J.  R] 

ANNUAL    MEETING, 

Monday,  May  1, 1876. 

Gbobob  Busk,  Esq.  F.B.S.  Treasurer  and  Vice-President, 
in  the  Chair. 

The  Annual  Beport  of  the  Committee  of  Visitors  for  the  year  1875, 
testifying  to  the  continued  prosperity  and  efficient  management  of  the 
Institution,  was  read  and  adopted.  The  Stock  sold  out  to  rebuild 
and  furnish  the  Laboratories  has  been  more  then  replaced. 

Fifty-six  new  Members  were  elected  in  1875. 
Sixty-one  Lectures  and  Nineteen  Evening  Discourses  were  delivered 
in  1876. 
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The  Books  and  Pamphlets  presented  in  1875  amounted  to  about 
156  volumes,  making,  with  those  purchased  by  the  Managers,  a  total 
of  323  Yolumes  added  to  the  Library  in  the  year,  exclusive  of 
periodicals. 

Thanks  were  voted  to  the  President,  Treasurer,  and  Secretary,  to 
the  Committees  of  Managers  and  Visitors,  and  to  the  Professors,  for 
their  services  to  the  Institution  during  the  past  year. 

Special  thanks  were  voted  to  Dr.  Spottiswoodb,  the  Secretary,  for 
his  course  of  four  lectures  on  Polarized  Light  in  March  and  April 
last,  for  which  he  declined  payment,  esteeming  the  attention  of  his 
au^ence  sufficient  remuneration. 

The  following  Gentlemen  were  unanimously  elected  as  Officers  for 
the  ensuing  year : — 

Pbssidsnt — The  Duke  of  Northumberland,  D.C.L. 
Tbiasurkb— George  Busk,  Esq.  F.R.C.8.  F.R.S. 
Sbobbtaby— William  Spottiswoodo,  Esq.  M.A.  LL.D.  Treas.R.S. 
Gorreeponding  Member  of  Academy  of  Sciences,  Paris. 


Makaobbs. 

G«orge  Berkley,  C.E. 

William  Bowman,  Esq.  F.R.S. 

Sir  Benjamin  Collins  Brodie,  Bart.  M.A. 

D.C.L.  F.R.S. 
Adm.  Sir  Henry  John  Codrington,  K.C.B. 
The  Right  Hon.  John  George  Dodson,  M.P. 
SirT.  Frederick  Elliot,  K.C.M.G. 
Lieut  Col.  James  Augustus  Grant,  C.B. 

C.SJ.  F.R.S. 
Caesar  H.  Hawkins,  Esq.  F.R.S. 
Joseph  Dalton  Hooker,  C3.  M.D.  D.C.L. 

Pres.R.S. 
Alfred  Latham,  Esq. 
Richaiti  Liebreich,  M.D.  M.R.C.S. 
The  Lord  Lindsay,  M.P. 
William  Pole,  Esq.  M.A.  F.R.S. 
Sir  W.  Frederick  PoUock,  Bart.  M.A. 
C.  William  Siemens,  Esq.  D.C.L.  F.R.S. 


ViSITOBS. 
John  R.  Andi-ews,  Esq. 
Thomas  Boycott,  M.D.  F.L.S. 
John  Charles  Burgoyne,  EUq. 
Robert  Pilkington  Linton,  Esq.  F.R.C.S. 
William  Watkiss  Lloyd,  Esq. 
William  Longman,  Esq.  M.A. 
Colonel  William  Pinney. 
Wyndham  Spencer  Portal,  Esq. 
John  Rae,  M.D.  LL.D. 
The  Rev.  Arthur  Rigg,  M.A. 
The  Rey.  William  Rogers,  M.A. 
John  Bell  Sedgwick,  Esq. 
BasU  Woodd  Smith,  Esq.  F.R.A.S. 
Benjamin  Leigh  Smith,  Esq. 
James  Spedding,  Esq. 


A  Silver  Salver,  with  the  following  Liscription,  was  presented  to 
Pbofbssob  Ttndall  by  the  Chairman : 

"  This  Salver,  together  with  the  sum  of  Three  Hundred  Guineas, 
is  presented  to  John  Ttndall,  F.Bj8.  Pbofbbsob  of  Phtsios  in  the 
BoTAL  Institution,  upon  his  Marriage  with  Louisa  Ohablottb, 
daughter  of  Lobd  and  Ladt  Claud  Hamilton,  on  the  29th  of 
February,  1876,  in  Westminster  Abbey,  by  Mbhbbbs  of  thb  Rotal 
Institution,  to  express  their  high  esteem  of  his  personal  worth,  and 
in  grateful  recognition  of  his  eminent  scientific  services  in  its 
Laboratories  and  Lecture  Theatre." 
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WEEBXY  EVENING  MEETING, 

Friday,  May  5, 1876. 

Gboboi  Busk,  Esq.  F.B.S.  Treasurer  and  Vice-President,  in 
the  Chair. 

PBorassoB  J.  H.  Gladstons,  Ph.D.  F.R.S. 

Methods  of  Chemic(U  Decomposition  as  illustrated  by  Water, 

Among  the  most  venerable  of  the  Chinese  classics  is  the  '  Shoo  King,' 
a  collection  of  ancient  historical  records ;  and  one  of  these  records,  the 
fourth  book  of  Chow,  contains  a  still  more  ancient  document,  "  The 
Great  Plan  with  its  nine  diyisions,"  which  purports  to  date  from 
the  early  part  of  the  Han  dynasty, — ^according  to  Dr.  Legge  about 
2000  B.o.  This  remarkable  treatise  bears  on  physical  as  well  as 
ethical  philosophy,  and  commences  with  an  account  of  the  fiye  ele- 
ments, viz.  water,  fire,  wood,  metal,  and  earth.  The  first  element, 
water,  is  said  to  ''soak  and  descend,"  and  also  to  ''  become  salt." 

Tliis  seems  to  be  the  earliest  known  record  of  that  doctrine  of 
elements  which  spread  widely  over  the  ancient  world.  In  the 
'  Institutes  of  Manu'  we  read  of  the  elements  also  as  five,  but  they 
are  earth,  fire,  water,  air,  and  ether ;  and  according  to  the  cosmogony 
of  the  Hindoo  legislator,  light  or  fire  produced  water,  and  water 
produced  earth.  There  was,  however,  at  least  as  late  as  two  centuries 
ago,  a  sect  in  India  who  held  it  as  a  religious  tenet  that  water  was 
the  prime  or  original  element. 

Similar  opinions  found  their  way  to  Europe.  Thus  Thales,  of 
Miletus,  who  flourished  in  the  sixth  century  B.C.,  taught  that  water  was 
the  origin  of  all  things.  The  Greek  philosophers  generally  adopted 
the  theory  of  several  elements,  but  reduced  the  number  to  four, — fire, 
air,  earth,  and  water. 

It  is  hard  to  say  what  was  the  precise  meaning  attached  by  the 
ancients  to  the  term  **  element."  It  no  doubt  did  not  always  convey 
the  same  idea.  Water  also,  at  least  in  the  Aristotelian  philosophy, 
was  a  generic  expression  for  many  bodies  in  a  fluid  condition,  and  sig- 
nified  not  so  much  a  special  material  substance  as  an  inherent  quality 
of  things.  Thus  it  was  said  to  be  cold  and  moist,  and  the  opposite  of 
fire  which  was  hot  and  dry.  In  the  philosophy  of  the  middle  ages  we 
find  the  same  views  prevailing,  and  the  early  chemists  still  looked 
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upon  water  in  the  same  light.  Thns  Becker  enumerated  fire  elements, 
air,  water,  and  inflammable,  mercurial,  and  infusible  earth;  while 
Stahl  adopted  four, — water,  acid,  earth,  and  phlogiston.  The  ancient 
theory  maintained  its  hold  till  the  experimental  philosophers  at  the 
latter  part  of  the  eighteenth  century  gave  a  definite  meaning  to  the  term 
element,  and  showed  that  water,  air,  and  earth  are  compound  bodies. 
Tet  the  idea  of  the  elementary  character  of  water  was  not  easily 
abandoned. 

In  1781  Cavendish  found  that  when  a  mixture  of  what  were  then 
called  '*  inflammable  air  "  and  "  dephlogisticated  air  "  is  exploded  by 
a  spark  in  such  proportions  that  the  burnt  air  is  almost  entirely 
phlogisticated,  pure  water  condenses  on  the  sides  of  the  vessel,  and  is 
equal  in  weight  to  the  weight  of  the  two  airs.  His  theory  was  that 
water  consists  of  '*  dephlogisticated  air  united  to  phlogiston,"  and 
that  "  inflanmiable  air  is  water  united  to  phlogiston."  At  the  time 
of  explosion,  according  to  him,  the  excess  of  phlogiston  was  trans- 
ferred from  the  inflammable  to  the  dephlogisticated  air,  and  thus 
both  airs  "  turned  into  water."  Cavendish  also  explained  Priestley's 
production  of  inflammable  air  on  heating  iron  filings  strongly,  by  con- 
tending that  the  phlogiston  of  the  iron  united  with  the  moisture  from 
which  they  had  not  been  freed.  Lavoisier  gave  a  different  explanation  of 
these  phenomena.  He  held  that  ''dephlogisticated  air  "  is  an  elementary 
substance— oxygen — ^united  with  imponderable  caloric,  and  that  *'  in- 
flammable "  air,  or  hydrogen,  is  capable  of  taking  the  oxygen  from  the 
caloric,  thus  producing  water  and  heat.  *'  Water  is  not  a  simple 
substance,  but  is  composed,  weight  for  weight,  of  inflammable  and 
vital  air."  Thus  water  was  at  length  deposed  from  its  rank  as  an 
element. 

In  the  first  year  of  this  century,  when  the  news  of  Volta's  great 
discovery  of  the  pile  was  made  known  in  England,  Messrs.  Nicholson 
and  Carlisle  made  various  experiments  with  a  series  of  halfcrowns, 
zinc  plates,  and  pasteboard  soaked  in  salt.  Knowing  that  water  con- 
ducted electricity,  they  inserted  brass  wires  through  corks  at  the  two 
ends  of  a  tube  filled  with  water,  which  they  are  careful  to  tell  us  came 
from  the  New  River.  They  were  surprised  to  see  a  stream  of  minute 
bubbles  rising  from  one  pole  while  the  other  was  corroded,  and  that 
this  decomposition  took  place  at  each  pole,  though  they  were  nearly 
2  inches  apart.  They  enlarged  the  distance,  and  found  that  86  inches 
of  water  was  too  much  for  their  force  to  traverse.  Substituting 
flattened  platinum  for  their  brass  wires,  they  found  that  the  water  was 
decomposed  with  the  production  of  hydrogen  at  one  end  and  oxygen 
at  the  other. 

The  old  notion  that  water,  by  continuous  boiling,  was  turned  into 
stone  had  been  previously  dispelled  by  Lavoisier,  but  Davy  found  that 
some  salts  and  earths  remained  behind  when  water  was  electrolyzed, 
and  that  when  the  experiment  was  conducted  in  two  cells  communi- 
cating with  one  another,  the  liquid  in  the  one  cell  became  acid,  and  in 
the  other  alkaline.    He  traced  the  origin  of  this  in  a  masterly  re- 
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aeaich,  which  formed  the  Bakerian  lecture  for  1806.*  He  found  that 
the  earthy  suhstances  were  original  impurities  in  the  water,  or  came 
from  the  yesaels  employed ;  and  using  gold  cones  filled  with  distilled 
water,  and  united  together  hy  asbestos,  he  convinced  himself  that 
nitric  acid  was  produced  at  tiie  positive  pole  and  ammonia  at  the 
negative.  Suspecting  that  thiose  were  produced  from  the  small  quan- 
tities of  nitrogen  dissolved  in  the  water  combining  with  the  liberated 
oxygen  and  hydrogen  respectively,  he  took  extraordinary  precautions. 
Malnng  use  of  water  which  he  had  carefully  distilled  in  a  silver  still 
at  140  Fahr.,  and  performing  the  experiment  in  vacuo,  or  rather  in  a 
space  which  he  had  twice  filled  with  hydrogen  and  exhausted  as 
thoroughly  as  the  means  at  his  disposal  would  permit,  he  then  found 
that  the  water  was  decomposed  without  the  least  production  of  either 
acid  or  alkali.  **  It  seems  evident  then,"  wrote  Davy,  "  that  water, 
chemically  pure,  is  decomposed  by  electricity  into  gaseous  matter 
alone,  into  oxygene  and  hydrogene." 

In  the  following  year  Davy  discovered  the  metals  of  the  alkaline 
earths,  potassium  and  sodium,  and  found  that  when  these  bodies  are 
thrown  upon  water  they  decompose  it,  appropriating  its  oxygen  and 
setting  ffee  its  hydrogen.  This  is  due  to  the  superior  chemical 
power  or  **  affinity  "  of  the  alkaline  metals. 

In  1846  Mr.,  now  Sir  William,  Grove  observed  that  when  steam 
was  subjected  to  something  like  a  white  heat,  small  quantities  of  mixed 
oxygen  and  hydrogen  gas  were  always  produced.^  It  has  since  been 
shown  that  the  gases  are  actually  dissociated  in  one  part  of  the  fliume 
of  the  oxy-hydrogen  blowpipe,  after  their  first  combination. 

It  thus  appears  that  there  are  three  distinct  ways  in  which  water 
may  be  decomposed: — By  an  electric  current;!  by  some  substance 
which  has  a  superior  attraction  for  one  of  its  elements ;  or  by  heat 
alone. 

It  will  readily  be  understood  that  the  power  of  any  one  of  these 
agents  will  be  augmented  by  the  co-operation  of  either  of  the  othera 
Thus,  the  action  of  chemical  afiinity  is  usually  augmented  by  heat ; 
for  instance,  if  a  pellet  of  sodium  be  thrown  upon  cold  water  it  melts, 
on  account  of  the  chemical  action  at  once  set  up,  but  if  upon  boiling 
water  it  not  only  melts,  but  bursts  into  flame  through  the  greater 
violence  of  the  action.  This  is  the  reason  why  in  Priestley's  experi- 
ment iron  at  a  red  heat  decomposed  steam,  though  it  will  not  do  so  at 
ordinary  temperatures. 

Similarly  the  electrolysis  of  water  is  much  facilitated  if  there  is 
some  chemical  affinity  between  the  oxygen  and  the  metallic  conductors. 
It  is  generally  said  that  it  requires  two  cells  to  decompose  water 

•  'Phil.Tran8/1807,p.l. 

t  Ibid.  1847,  p.  1. 

X  Though  voltaic  electricity  alone  is  referred  to  in  this  discourse,  it  is  well 
known  that  other  forms  of  the  same  agent  will  effect  chemical  decompositions. 
Thus  Professor  Andrews  has  resolved  pure  water  into  its  constituent  gases  by 
ftictional  electricity,  and  by  that  derivea  from  the  atmosphere. 
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electroljtically.  Now  it  is  trae  that  if  platinum  poles  aie  employed 
there  is  no  visible  disengagement  of  gas  when  one  oell  only  is  nsed ; 
bat  with  zinc  poles  a  single  cell  of  Bmisen  or  Grove  is  amply  sufficient. 
Zinc  alone  wiUiout  the  voltaic  current  is  incapable  of  displacing  the 
hydrogen  in  water;  but  it  must  be  borne  in  mind  that  the  tendency  to 
combine  with  oxygen  is  a  constant  property  of  this  metal,  and  is  easily 
brought  into  activity  by  the  co-operation  of  the  feeble  voltaic  current. 
The  increased  e£Eect  upon  electrolysis  which  is  due  to  the  nature  of 
the  poles  is  in  proportion  to  the  electromotive  force  of  the  different 
metals.  For  pure  water  the  order  is, — zinc,  lead,  iron,  copper,  silver, 
platinum,  as  tested  by  a  galvanometer.  This  difference  of  result 
according  to  the  nature  of  the  metals  employed  in  the  electrolytic 
cell  appears  generally  to  have  been  overlooked,  and  it  is  the  feeblest 
metal— platinum — ^which  is  usually  employed  for  experimental  pur- 
poses, doubtless  because  it  is  incapable  of  oxidation — the  very  reason 
of  its  feebleness. 

When  the  other  metals  of  the  above  list  are  used,  not  only  does  the 
positive  pole  oxidize,  but  the  oxide,  or  rather  hydrate,  dissolves  more 
or  less  in  the  pure  water,  and  becomes  itself  an  electrolyte.  The  con- 
sequence of  this  is  that  the  positive  electrode  gradually  wears  away, 
while  the  metal  is  transferred  to  the  negative  electrode,  and  is 
deposited  upon  it  in  crystalline  fringes  or  filaments.  With  silver 
these  are  particularly  beautiful,  as  they  assume  arborescent  forms, 
especially  when  able  to  spread  over  the  surface  of  the  containing 
vessel. 

The  temperature  also  of  the  liquid  subjected  to  electrolysis  has  a 
great  influence  upon  the  result.  Thus  in  an  experiment  where  zinc 
poles  and  pure  water  were  employed,  the  deflection  of  a  galvanometer 
was  found  to  increase  about  fourfold  between  b°  C.  and  80°  0.,  and  the 
action  augmented  nearly  pari  passu  with  the  temperature. 

A  similar  result  occurs,  as  might  be  expected,  when  two  dissimilar 
metals,  such  as  zinc  and  copper,  are  placed  in  cold  water  in  connection 
with  one  another,  and  the  water  is  heated.  The  deflection  was  found 
to  double  between  about  30°  and  80''  C,  but  the  difference  for  every 
6°  at  the  higher  temperatures  was  several  times  greater  than  at  the 
lower  ones. 

Another  very  important  point  in  the  electrolysis  of  water  is  to 
reduce  to  a  minimum  the  very  great  resistance  offered  by  the  water 
itself.  This  is  effected  by  bringing  the  electrodes  as  near  to  one 
another  as  possible :  and  for  the  same  reason,  if  the  force  be  generated 
by  the  action  of  two  dissimilar  metals  upon  water,  they  should  be 
brought  into  the  closest  proximity. 

A  still  more  powerful  means  of  decomposing  water  would  evidently 
be  a  combination,  not  of  two,  but  of  all  three  agents,  chemical  affinity, 
heat,  and  voltaic  force  acting  at  an  insensible  distance.  Thus  zinc 
has  a  strong  affinity  for  oxygen,  but  is  unable  of  itself  to  displace  the 
hydrogen  of  water:  when  imited,  however,  with  a  more  negative 
metal,  such  as  copper,  its  power  is  enhanced  to  such  a  degree  that  a 
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separation  of  the  oonstitiients  does  take  place;  but  in  the  ordinary 
arrangement  of  a  voltaic  cell  the  action  is  so  slight  that  no  evolntion 
of  gas  is  perceptible.  To  produce  a  visible  effect,  the  metals  mnst  not 
only  be  close  together,  but  ought  to  touch  one  another  at  a  myriad  of 
points.  This  may  be  brought  about  by  depositing  the  copper  upon 
the  zinc  in  a  spongy  condition ;  then  uie  zinc  will  be  oxicUzed,  and 
bubbles  of  hydrogen  will  appear  amongst  the  branches  of  the  copper, 
even  at  the  ordinary  temperature,  but  the  effect  is  greatly  increased 
by  the  application  of  heat 

The  arrangement  just  described  is  the  "Copper  Zinc  Couple," 
which  has  been  employed  by  Mr.  Tribe  and  the  speaker,  and  more 
recently  by  others,  to  effect  a  variety  of  chemical  decompositions. 
Zinc  foil  is  immersed  in  a  solution  of  sulphate  of  copper  untU  a  black 
velvety  deposit  of  the  metal  is  produced ;  the  soluble  salts  are  then 
washed  away,  and  the  couple  after  being  dried  is  ready  to  be  placed 
in  any  liquid  it  is  desired  to  decompose.  Water  was  the  first  body 
experimented  upon,  and  it  was  found  that  the  action  would  go  on  as 
long  as  there  was  any  metallic  zinc  left  in  union  with  the  copper,  the 
amount  of  hydrogen  evolved  gradually  diminishing,  though  varying 
somewhat  with  the  temperature  of  the  day.  The  great  influence 
exerted  by  heat  is,  however,  better  shown  in  the  subjoined  table, 
which  gives  the  results  of  an  experiment  reduced  to  the  unit  of  an 
hour*s  work. 


At   2-2^  C.     . 

.     . .        1  •  1  c.  c.  of  hydrogen  produced. 

22-2 

.      ..        5-5 

84-4 

.      ..       13-9 

550 

.      ..       620 

74-4 

.      ..     174-6                     „ 

930 

.      ..     528-0      • 

These  figures  strikingly  exhibit  the  rapid  acceleration  of  the  action 
at  the  higher  temperatures. 

A  greater  effect  may  be  produced  by  substituting  for  the  copper  a 
still  more  negative  metaL  Thus  a  sdnc  platinum  couple  acts  with 
much  greater  energy  upon  water.  Gold  zinc  couples,  and  many 
others  also,  have  been  tried,  but  gold  has  the  practiod  disadvantage 
that  the  precipitated  metal  does  not  adhere  well  to  the  zinc.  Alumi- 
nium alone  does  not  decompose  water,  not  even,  according  to  Deville, 
at  a  red  heat;  but  an  aluminium  copper  couple  decomposes  it 
slowly,  and  an  aluminium  platinum  couple  more  rapidly,  even  in 
the  cold.  One  of  the  most  recent  discoveries  is  that  aluminium  when 
amalgamated  with  mercury  is  converted  into  hydrate  even  by  the 
moisture  of  the  air.  The  most  powerful  combination,  however,  might 
be  expected  to  be  that  of  the  most  positive  and  the  most  negative 
metal  which  can  be  conveniently  brought  together.  These  are  mag- 
nesium and  platinum ;  and  in  fact,  if  strips  of  magnesium  foil  be 
coated  with  finely  divided  platinum  by  immersing  them  in  platinic 
chloride,  and  the  resulting  salts  be  washed  away,  a  couple  may  be 
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obtamed  which  producee  a  most  vigorous  evolution. of  hydrogen  when 
it  is  placed  even  in  cold  water.* 

The  decomposition  of  water  by  the  copper  zinc  couple  was  of 
course  a  matter  of  little  practical  importance ;  it  does,  however,  yield 
hydrogen  in  a  state  of  purity,  even  though  the  zinc  be  largely  con- 
taminated with  such  a  substance  as  arsenic — a  fact  which  may  prove  of 
great  consequence  in  medico-legal  inquiries.  These  observations  on 
water  led  to  a  long  series  of  experiments  on  other  bodies,  especially 
organic  compounds.  The  action  of  the  two  metals  in  conjunction 
frequently  effects  not  only  the  splitting  up  of  a  compound,  but  a 
redistribution  of  its  elements ;  and  this  has  resulted  not  only  in  the 
discovery  of  a  simple  means  of  producing  various  substances  pre- 
viously known,  but  the  formation  of  several  others  hitherto  unknown. 
Thus  the  first  trials  were  made  on  iodide  of  ethyl  in  the  hope  that 
Professor  Frankland's  beautiful  process  for  making  zinc  ethyl  might 
be  simplified  ;  and  not  only  was  a  better  result  obtained  in  a  shorter 
time,  but  when  the  experiment  was  performed  in  the  presence  of 
alcohol  it  was  found  that  pure  hydride  of  ethyl  was  given  o£^  and  a 
new  substance,  the  iodoethylate  of  zinc,  remained  in  the  flask. 

Among  the  bodies  wluch  may  be  prepared  more  easily  or  in 
greater  purity  by  the  copper  zinc  couple  are  the  following : 

Hydrogen.  Olefiant  gas.  Dially]. 

Methyl  hydride.  Acetylene.  Zinc  ethiodide. 

Ethyl  hydride.  Propylene.  Zinc  ethyl. 

Propyl  hydride.  DiamyL  Zinc  amyl. 
Arnyl  hydride. 

The  substances  that  have  been  discovered  by  this  agency  are  the 
following : 

Zinc  propiodide        ZnCCgHy)!. 

V  propyl       Zn(C3H,),. 

„  isopropyl Zn(CjH-)2. 

„  ethylobromide Zn(C,HJ)Br. 

„  iodoethylate ZnCaH^O)!. 

„  bromethylate 7.nlc\H^0)BT. 

„  chlorethyldte ZnCC^H^O^Cl. 

Zinc  propyl  is  a  volatile  liquid  body,  of  specific  gravity  1 '  098, 
which  takes  fire  spontaneously  in  the  air,  burning  with  a  bluish-white 
flame.  The  haloid  ethylates  are  a  new  class  of  bodies  which  have 
been  prepared  from  both  ethyl  iodide  and  iodoform,  and  their  corre- 
sponding bromine  and  chlorine  compounds. 

The  couple  has  also  thrown  some  light  upon  the  chemical  struc- 

*  Phenomena  resulting  from  different  metals  in  combination  have  frequently 
been  observed  b^  several  experimenters,  and  some  of  them  are  described  by  Mr. 
W.  N.  Hartley  m  the  *  Chemical  News,'  vol.  xiv.  p.  73 ;  but  it  does  not  appear 
that  the  metals  have  ever  been  freed  from  concomitant  salts,  or  their  action 
understood  or  appreciated. 
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tore  of  some  of  these  organic  bodies,  as,  for  instance,  by  its  different 
bebayioor  with  the  two  isomeric  bodies,  chloride  of  ethylene  and 
chloride  of  ethylidine.  This  is  a  direction  in  which  fdtnie  investi- 
gation is  likely  to  be  rewarded.* 

This  method  of  quietly  bringing  abont  a  chemical  change  has 
found  a  practical  application  in  the  hands  of  Professor  Thorpe  for  de- 
termining the  amomit  of  nitrates  in  samples  of  water,  a  question  of 
great  importance  which  has  hitherto  been  also  one  of  great  difficulty. 
The  nitric  acid  is  reduced  by  the  couple  to  the  condition  of  ammonia. 
In  a  similar  way  chlorates  are  reduced  to  chlorides.! 

The  progress  of  research  by  means  of  the  copper  zinc  couple  was 
interrupted  by  the  discovery  of  a  curious  reaction,  by  which  also 
water  and  other  substances  may  be  decomposed.  Metallic  aluminium 
does  not  attack  water  by  iteelf,  neither  does  iodine ;  but  if  the  three 
are  brought  into  contact,  oxide  of  aluminium  is  formed  and  hydrogen 
gas  is  evolved ;  and  not  only  this,  but  the  solution  so  produced  will 
cause  the  oxidation  of  any  excess  of  aluminium  with  the  formation  of 
an  equivalent  amount  of  hydrogen.  It  is  not  even  necessary  that  free 
iodine  should  be  employed,  for  iodide  of  aluminium  itself  will  deter- 
mine the  oxidation  of  any  amount  of  metal.  This  action  is  greatly 
quickened  by  coupling  platinum  with  the  aluminium.  By  employing 
alcohol  instead  of  water,  a  similar  action  is  set  up,  and  this  has  led  to 
the  discovery  of  aluminium  ethylate,  K\^{OJlfi\y  alcohol  in  which 
the  replaceable  hydrogen  is  substituted  by  aluminium.  It  is  a  solid 
body  at  the  ordinary  temperature,  but  eamly  melts,  and  is  capable  of 
being  sublimed  unchanged  its  vapour  burning  with  a  luminous  flame 
and  white  smoke  of  the  oxide  of  the  metaL  Other  compounds  prepared 
by  this  singular  reaction,  and  the  nature  of  the  chemical  changes 
which  occur,  are  at  present  the  subject  of  study .f 

[J.  H.  G.] 

*  Fmiher  paiticalatB  respeotiiig  tbe  deoompoaition  of  water  by  this  special 
khid  of  dectrolysis  may  be  found  in  *  Proo.  Boyal  Boc.'  1872,  p.  218 ;  '  Bep^ 
Brit  Assoc.'  1872,  Abstracts,  p.  75;  'Journal  dbem.  Boo.'  1873,  p.  452;  *Pha. 
Mag.'  1875,  pp.  284,  285.  The  account  of  "Besearobes  on  the  Action  of  tbe 
Copper  Zinc  Gonple  on  Organic  Bodies "  is  given  in  tbe  *  Journal  Ghem.  8oo.* 
1873,  pp.  445,  678,  961;  1874,  pp.  208,  406,  410,  615;  1875,  p.  508.  See  also 
Tol.  yii.  of  tbeee  *  Proceedings,'  p.  521. 

t '  Joum.  Gbem.  8oo.*  1873,  p.  541. 

I  Since  tbis  discourse  was  delivered,  tbis  peonliar  reaction  bas  been  elucidated 
in  a  paper  read  before  tbe  Gbemical  Society,  on  **  Tbe  Simnltaneous  Action  of 
Iodine  and  Alumininm  on  Ether  and  Oompound  Ethers."  An  intermediate  body, 
the  aluminium  iodoetbylate,  AI,(G,HgO),I„  is  there  deooribed. 
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GENEEAL  MONTHLY  MEETING, 

Monday,  May  8, 1876. 

OiOBOX  BuBK,  Esq.  F.B.S.  Txeasnrer  and  Vioe-President,  in  the  Chair. 

The    following  Vice-PresidentB    for    the    ensuing    year    were 
announced : 

Sir  T.  Frederick  Elliot,  E.O.M.G. 

Sir  W.  Frederick  Pollock,  Bart.  M.A. 

Dr.  Joseph  Hooker,  C.B.  D.OX.  Pres.  B.S. 

George  Busk,  Esq.  F.B.S.  Treasurer. 

William  Spottiswoode,  Esq.  LL  J).  F.R.S.  Secretary. 


The  Hon.  George  Elliot, 
Ernest  H.  Goold,  Esq.  M.B.I.A. 
Charles  Bose  Lucas,  Esq. 
Major  T.  Myles  Sandys, 
Edward  W.  Stanton,  Esq.  MA. 

were  elected  Members  of  the  Boyal  Listitution. 

John  TTin>ALL,  Esq.  D.O.L.  LL.D.  F.B.B. 
was  re-elected  Professor  of  Natural  Philosophy. 

The  special  thanks  of  the  Members  were  returned  to  Dr.  Wabbbk 
Db  la  Rub,  F.B.S.  for  his  valuable  present  of  a  Thomson's  Quadrant 
Electrometer. 

The  decease  of  Mr.  Bobbbt  P.  Linton,  Visitor,  through  an 
accident,  was  announced,  to  the  great  regret  of  the  Members. 

The  Pbbsbnts  recoived  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FBOK 

Aoeademia  dei  Linoei,  Bomo— Atti,  Serie  U.    Vol.  L  II.    4to.    1878-5. 

Artom,  Bev.  B,  Chief  BaM  of  the  Spanish  and  Porluguew  CangregaUoM  of 

Aigland--8ermoDBj  First  SerieB.    2nd  ed.    16to.    1876. 
Anatio  Society  of  Bengal— Jovanslf  1875,  Part  I.  No.  4.    8?o. 

Proceedings,  1875.    No.  10.    Svo. 
AetfxnumiecdSocietyjBoyal—UonmjiXoiicea,Y6LXXXYL'b(o.5,    8to.    1876. 
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BaottHan  Academy  of  Sdeneeif  ffojfol— Abhandlun,  Band  XII.  Abthgen.  1.    4to. 
1875. 
L.  A.  Baohner,  Festrede.    4to.    1875. 
Almanaoh.    1875.    16to. 
BayUy,  Major  J.  A.  (the  Author)— The  ABsault  of  Delhi :  a  Vindication  of  H.M. 

52nd  Light  Infantry.    (L 16)    8vo.    1876. 
BriiUk  ArehOeets,  Boyal  IndUute  o/— Sessional  Papers,  1875-6,  No.  9.    4to. 
Britith  Mtuewm  Tnutem — Guide  to  Gradoo-Boman  Sculptures.     Part  2.    12mo. 

1876. 
Browning,  George,  Eeq,  (the  AfdhoT)—l!hQ  Edda  Songs  and  Sagas  of  Iceland. 

(0  16)    16to.    1876. 
Ckemieal  Sioetety—Joumal  for  liarob,  1876.    8vo. 
CoXy  Serjeant  K  W,  M,BJ,  (the  Author)^The  Mechanism  of  Man :  an  Answer  to 

the  Question**  What  am  I?"    Vol  L    16to.    1876. 
Editors — ^American  Journal  of  Science  for  April,  1876.    8yo. 
Athenieum  for  April,  1876.    4to. 
Chemical  News  for  April,  1876.    4to. 
Electrical  News  for  April,  1876. 
Engineer  for  April,  1876.    fol. 
Journal  for  Applied  Science  for  April,  1876.    fol. 
Nature  for  April,  1876.    4to. 
Pharmacentiail  Journal  for  April,  1876.    8vo. 
Telegraph  Journal  for  April,  1876.    8vo. 
Frankland,  Pro/eseor  E.  D.C.L.  F.R,8,  Jf.JR.  J.— Beports  of  the  Bivers  Commis- 
sion, 1868.    2  vols.    fol.    1870-4. 
Franklin  IndittUe—Jouma},  No.  604.    8vo.    1876. 
Chologieal  Survey  of  India^BeooTda,\ohYlU.    Parts  1-4.    8to.    1875. 

PabBontologialndica.    Series  IX.  2,  3.    foL    1875. 
Ho/mann,  Pro/eetor  A,  W.  FJi^,  (the  Jt<<Aor)— Life-work  of  Liebig.   (Faraday 

Lecture  for  1875.)    8vo.    1876. 
Meehanioal  Enqineer^  Jn«<f^t6fi— Proceedings,  Jan.  1876.    8yo. 
Medieal  and  Chirwrgical  Society,  iSoyo^Proceedings,  Part  42.    8vo.    1876. 
Meteorologiedt  Oj^— Physical  Geography  of  the  Atlantic,  by  Capt  Toynbee. 

8to.    1876. 
Mu$69  Teyler,  Haarlem  (the  Dif^or*)— Archives,  Vol.  IV.    Fasc.  1.    8vo.    1876. 
Photographic  Soddy— Journal,  No.  266.    8vo.    1876. 
Phyeieal  fibcWy— ftoceedings,  Part  3.    8vo.    1875. 

Preuesieche  Akademie  der  Wieseneeht^ften—Wmaisherichie :  Jaa  1876.    8vo. 
Boyal  Society  of  LofMioti— Proceedings,  No.  ]  68.    8vo.    1976. 
Smithy  WUhughhy^  E$q,  (the  iitfMor>-Aetion  of  Light  on  Selenium.    (K  101) 

8vo.    1876. 
Stewart,  Charlee,  MJi,  (the  iiuMor)— International  Correspondence  by  means  of 

Numbers.    12mo.    1874. 
iS^fmoM,  O,  J.  E$q.  (the  Authory-Bymoiuf  Monthly  Meteorological  Magazine, 

April,  1876.    8vo. 
Society  HoOandaite   dee  Sciencee,  Haarlem — Natuurkundige    Verhandelingen. 
3eSerie.    Tome  IL  5.    4to.    1875. 
Archives  N^rlandaisee,  Tome  X.  Liv.  5,  6,  Tome  XI.  Liv.  1.    8vo.    1875-6. 
Twining,  Thomae,  E$q,  M,B,L  (the  iiiOAor)— Science  made  Easy:  a  Series  of 

Familiar  Lectures.    4  parts.    4to.    1876. 
United  Service  IneUtution,  i^oya^— Journal,  No.  85.    8vo.    1876. 
Verdns  tur  Befihderung  dee    OeiMrf>/l0iMef— Verhandlungen,  Juli-Dec.  1875, 

Jan.  Feb.  1876.    4to. 
Woodward,  Henry,  Eeq.  F.B£.  (the  i4iit^or)— Papers  on  Crustacea,  &c.     1868-76. 
ZboIogtcoZ  Soei^iy— Transactions,  Vol.  IX.    Part8  5,  6,  7.    4to.    1876. 
Proceedings,  1875.    Part  4.    8vo. 
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WEEKLY  EVENING  MEETING, 
Friday,  May  12, 1876. 

Sir  T.  Fbkdbbiok  Elliot,  E.O.M.G.  Vice-President,  in  the 
Chair. 

W.  Fboude,  Esq.  F.RS. 

The  Fundamental  Princtplea  of  the  Besiatanee  of  8hip$. 

I  PBOPOBB  to  consider  those  principles  of  fluid  motion  which 
influence  what  is  termed  the  "resistance"  of  ships.  By  the  term 
resistance,  I  mean  the  opposing  force  which  a  ship  experiences  in  its 
progress  through  the  water.  Oonsidering  how  great  an  expenditure, 
whether  of  sail  or  steam  power,  is  inyolved  in  overcoming  this 
resistance,  it  is  clearly  most  important  that  its  causes  sho^d  he 
correctly  appreciated. 

This  subject  is  a  branch  of  the  general  question  of  the  forces 
which  act  on  a  body  moving  through  a  fluid,  and  has  within  a  com- 
paratively recent  period  been  placed  in  an  entirely  new  light  by  what 
is  commonly  called  the  theory  of  stream-lines. 

This  theory  as  a  whole  involves  mathematics  of  the  highest  order, 
reaching  alike  beyond  my  ken  and  my  purpose;  but  so  &r  as  we  shall 
have  to  employ  it  here,  in  considering  the  question  of  the  resistance 
of  ships,  its  principles  are  perfectly  simple  and  are  easily  under- 
stood without  the  help  of  technical  mathematics;  and  I  will  endeavour 
to  explain  the  course  which  I  have  myself  found  most  conducive  to 
its  apprehension. 

In  order,  however,  to  show  you  clearly  what  light  the  theory  of 
stream-lines  has  thrown  on  the  question,  I  must  first  describe  the  old 
method  of  treating  it,  which  is  certainly  at  first  sight  the  most  natural 
one,  and  we  shall  thus  see  what  germs  of  truth  that  method  contained, 
and  how  far  these  were  developed  into  false  conclusions. 

It  is  a  crude  but  instinctive  idea,  that  the  resistance  experienced 
either  by  a  ship,  or  by  a  submarine  body  such  as  a  fish,  moving 
through  water,  is  due  to  the  necessity  of  the  body  ploughing  or  forcing 
or  cleaving  a  passage  for  itself  through  the  water;  that  it  has  to  drive 
the  water  out  of  its  way  and  then  to  draw  it  in  again  after  itself. 

When,  however,  an  attempt  was  made  to  deal  with  the  matter  in  a 
scientific  manner,  it  was  seen  that  an  explanation  was  needed  of  how 
it  was  that  water  required  force  to  move  it  out  of  the  way.  For  it 
may  naturally  be  asKed,  How  can  there  be  reaction  or  resistance  in 
a  perfectly  mobile  material  such-  as  water  seems  to  be  ?  We  can 
understand  earth,  for  instance,  resisting  a  ploughshare  dragged  through 
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it,  and  we  can  understand  that  even  a  perfectly  thin  flat  plane  would 
make  resistance  if  dragged  edgeways  through  a  sea  of  sand,  or  even 
through  a  sea  of  liquid  mud,  owing  to  the  friction  against  its  sides. 
But  water  appears,  at  first  sight,  altogether  unlike  this,  and  seems 
totally  indifferent  to  change  of  form  of  any  kind.  If  we  stir  water, 
the  different  currents  seem  to  flow  freely  past  one  another,  as  if 
they  would  go  on  flowing  almost  for  ever  without  stopping.  But  we 
find,  that  alSiough  to  piuh  a  thin  oar  blade  through  the  water  edge- 
ways seems  to  require  no  force,  yet,  if  we  push  it  flatways,  as  in 
rowing,  it  offers  a  considerable  reaction.  The  distinction,  then,  which 
suggests  itself  is  that  the  particles  of  water,  although  they  offer  no 
resistance  to  anything  merely  sliding  past  them,  offer  great  resistance 
to  anything  pulling  against  them,  because  the  thing  which  is  pushing 
against  them  sets  £em  in  motion  out  of  its  way,  and  to  set  anything 
heavy  in  motion,  requires  the  exertion  of  force  to  oyeroome  what  is 
called  its  inertia. 

This,  then,  appears  |)nma/ac«e  to  be  the  characteristic  of  water,  that 
to  set  the  particles  in  motion,  or  what  is  the  same  thing,  to  divert  them 
from  a  straight  path,  requires  force  to  overcome  their  inertia,  although, 
when  once  set  in  motion,  they  are  able  to  glide  freely  past  one  another, 
or  past  a  smooth  surface.  This  supposition  embodies  the  natural 
conception  of  a  fluid,  and  if  it  were  absolutely  exemplified  in  water, 
then  water  would  be  what  we  should  call  a  perfectly  frictionless 
fluid. 

Now,  though  water  is  not  absolutely  frictionless,  yet  it  is  true  that 
in  many  of  the  more  familiar  ways  of  handling  it^  the  forces  de* 
▼eloped  by  its  slight  frictional  qualities  are  smaU  compared  to  those 
due  to  its  inertia,  and  it  is  therefore  not  surprising  Uiat  those  who 
theorised  on  the  resistance  of  ships,  thought  it  quite  accurate  enough 
to  treat  of  the  effect  of  the  inertia  only,  and  to  neglect  the  com- 
paratively small  frictional  qualities. 

It  was  assumed  then  for  the  purposes  of  calculation,  that  the  fluid 
being  frictionless,  would  offer  no  resistance  to  a  perfectly  thin,  flat, 
smooth  plane,  such  as  that  shown  in  Fig.  1,  moving  edgeways  through 

Fio.  1. 
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it,  since  this  would  in  no  way  tend  to  set  its  particles  in  motion. 
But  it  is  obvious  that  a  ship,  or  fish,  or  other  body,  such  as  that 
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shown  in  Fig.  2,  moving  through  the  water,  has  to  be  continually 
setting  the  particles  of  water  in  motion,  in  order,  first  to  get  them  out 

Fio.2 
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of  its  way,  and  afterwards  to  close  them  together  again  behind  it,  and 
that  the  inertia  of  the  particles  thus  set  in  motion  will  supply  forces 
reacting  against  the  surface  of  the  body.  And  it  seemed  certain,  at 
first  sight,  that  these  reactions  or  forces  on  the  surface  of  the  body 
would  necessarily  so  arrange  themselves  as  to  constitute  resistance. 

On  this  view,  various  formulae  were  constructed  by  mathematicians 
to  estimate  these  reactions,  and  to  count  up  the  sum  total  of  resistance 
which  they  would  cause  to  a  ship  or  moving  body  of  any  given  form. 
These  formulas  were  not  all  alike,  but  they  were  mostly  lAsed  on  the 
supposition  that  the  entire  forward  part  of  the  body  had  to  exert 
pressure  to  give  the  particles  motion  outwards,  and  that  the  entire 
afterpart  had  to  exert  suction  to  give  them  motion  inwards,  and  that 
there  was,  in  fact,  what  is  termed  plus  pressure  throughout  the  head- 
end of  the  body,  and  minus  pressure  or  partial  vacuum  throughout  the 
tail-end.  And  as  it  seemed  that  the  number  of  particles  which  would 
have  to  be  thus  dealt  with,  would  depend  on  the  area  of  maximum 
cross  section  of  the  body,  or  area  of  ship's  way  as  it  was  sometimes 
termed,  the  resistance  was  supposed  to  bear  an  essential  proportion  to 
the  midship  section  of  the  ship.  This  idea  has  sometimes  been  em- 
phatically embodied  in  the  proposition  that  the  work  a  ship  has  to 
do  in  performing  a  given  voyage,  is  to  excavate  in  the  surface  of  the 
sea,  from  port  to  port,  a  canal  the  cross  section  of  which  is  the  same 
as  the  midship  section  of  the  ship. 

This  theory  of  resistance  was  at  first  sight  natural  and  reasouable; 
it  was  generally  admitted  for  many  years  to  be  the  only  practicable 
theory,  and  was  embodied  in  all  the  most  approved  text-books  on 
hydraulics  and  naval  architecture.  But  when  the  theory  of  stream- 
lines was  brou^vht  to  bear  upon  the  question,  then  it  was  discovered 
that  the  reactions,  which  the  inertia  of  the  fluid  would  cause  against 
the  surface  of  the  body  moving  through  it,  and  which  were  supposed 
to  constitute  the  resistance,  arranged  themselves  in  a  totally  diffarent 
manner  from  what  had  previously  been  supposed,  and  that,  therefore, 
tbe  old  way  of  estimating  their  total  effect  upon  the  ship  was  funda- 
mentally wrong.  How  wrong,  I  can  best  tell  you  by  stating  that 
according  to  the  theory  of  str^un-lines,  a  submerged  body,  such  as  a 
fish  for  example,  moving  at  a  steady  speed  through  the  assumed 
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frictioiiless  fluid,  would  experience  no  resistance  at  alL  In  fSact,  when 
once  pnt  into  motion  it  wonld  go  on  for  ever  without  stopping. 

The  revelation,  then,  which  was  brought  about  by  the  application 
of  the  stream-line  theory  to  the  question,  amounted  to  this,  that  the 
approved  formulsB  for  estimating  the  resistance  of  bodies  moving 
through  water  were  not  only  wrong  in  detail,  but  that  the  supposed 
cause  of  resistance,  with  which  alone  they  professed  to  be  dealing,  was 
in  reality  no  cause  at  all ;  and  that  the  real  cause  of  resistance,  what- 
ever it  might  be,  was  entirely  left  out. 

It  is  easy  to  imagine  how  fruitful,  in  fedse  aims  and  false  principles 
of  nautical  construction,  would  be  the  assignment  of  the  resistance  of 
ships  to  a  supposed  cause  which  has  no  existence  at  all.  And  the  old 
theory,  though  now  discarded  by  scientific  men,  has  obtained  such  a 
hold  on  the  minds  of  the  general  public,  that  I  hope  you  will  excuse 
my  devoting  considerable  space  to  its  refutation. 

I  will  now  briefly  sketch  an  elementary  view  of  the  stream-line 
theory  so  far  as  it  is  relevant  to  our  present  purpose.  Let  it  be 
understood  that  I  am  still  dealing  only  with  the  supposed  friction- 
less  fluid;  that  for  reasons  which  will  hereafter  appear,  I  am 
dealing  not  with  a  ship  at  the  surface,  but  with  a  submerged  body ; 
and  that  I  am  supposing  it  to  be  travelling  at  a  steady  speed  in  a 
straight  line.  I  am  going  to  prove  to  you  that  under  these  circum- 
stances the  inertia  of  the  fluid  which  has  to  be  set  in  motion  to 
make  way  for  the  body,  will  cause  no  resistance  to  it.  Not  that 
such  inertia  will  cause  no  pressures  and  suctions  acting  upon  the 
surface  of  the  body;  far  from  it;  but  that  the  pressures  and  suctions 
so  caused  must  necessarily  so  arrange  themselves,  that  the  backward 
forces  caused  to  the  body  on  some  parts  of  its  surface,  will  be  neu- 
tralised by  the  forward  forces  caused  on  other  parts.  In  effect, 
although  the  inertia  of  the  fluid  resists  certain  portions  of  the  body, 
it  propels  the  other  portions  of  the  body  with  a  precisely  equsJ  force. 

In  showing  how  this  comes  about,  I  prefer  to  substitute  for  the 
submerged  body  moving  through  a  stationary  ocean  of  fluid,  the 
plainly  equivalent  conception  of  a  stationary  submerged  body 
surrounded  by  a  moving  ocean  of  fluid.  The  proposition  that 
such  a  body  will  experience  no  total  endways  push  from  the  fluid 
flowing  past  it  arises  from  a  general  principle  of  fluid  motion,  which  I 
shall  presently  put  before  you  in  detail,  namely,  that  to  cause  a  friction- 
less  fluid  to  change  its  condition  of  flow  in  any  manner  whatever,  and 
ultimately  to  return  to  its  original  condition  of  flow,  does  not  require, 
nay,  does  not  admit  of,  the  expenditure  of  any  power ;  whether  the 
fluid  be  caused  to  flow  in  a  curved  path,  as  it  must  do  in  order  to  get 
round  a  stationary  body  which  stands  in  its  way;  or  to  flow  with 
altered  speed,  as  it  must  do  in  order  to  get  through  the  local  contrac- 
tion of  diannel  which  the  presence  of  £he  stationary  body  practically 
creates.  Power,  it  may  indeed  be  said,  is  being  expended,  and  force 
exerted  to  communicate  certain  motions  to  the  fluid;  but  that  same 
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power  is  also  being  given  back,  and  the  force  connterbalanced,  where 
the  fluid  is  yielding  np  the  motion  which  has  been  communicated 
to  it,  and  is  returning  to  its  original  condition. 

Li  commencement,  I  will  illustrate  these  two  actions  by  considering 
the  behaviour  of  fluid  flowing  through  variouslyHshaped  pipes ;  and  I 
will  begin  with  a  very  simple  instance,  which  I  will  treat  in  some 
detail,  and  which  will  serve  to  show  the  nature  of  the  argument  I  am 
about  to  submit  to  you« 

Suppose  a  rigid  pipe  of  uniform  sectional  area,  of  the  form  shown 
in  Fig.  8,  something  like  the  form  of  the  water-line  of  a  vessel. 


The  portions  AB,  BO,  OD,  DE  are  supposed  to  be  equal  in  length, 
and  of  the  same  curvature,  the  pipe  terminating  at  E  in  exactly  the 
same  straight  line  in  which  it  commenced  at  A,  so  that  its  figure  is 
perfectly  symmetric  on  either  side  of  0,  the  middle  point  of  its  length. 

Let  us  now  assume  that  the  pipe  has  a  stream  of  frictionless  fluid 
running  through  it  from  A  towards  E,  and  that  the  pipe  is  free  to 
move  bodily  endways. 

It  is  not  unnatural  to  assume  at  first  sight  that  the  tendency  of 
the  fluid  would  be  to  push  the  pipe  forward,  in  virtue  of  the  opposing 
surfaces  offered  by  the  bends  in  it — that  both  the  divergence  between 
A  and  0  from  the  original  line  at  A,  and  the  return  between  0  and  E 
to  that  line  at  E,  would  place  parts  of  the  interior  surface  of  the  pipe 
in  some  manner  in  opposition  to  the  stream  or  flow,  and  that  the  flow 
thus  obstructed  would  drive  the  pipe  forward ;  if  however  we  endeavour 
to  build  up  these  supposed  causes  in  detail,  we  shall  find  the  reasoning 
to  be  illusory,  and  I  will  now  trace  the  results  which  can  be  established 
by  correct  reasoning. 

The  8ur£Eice  being  assumed  to  be  smooth,  the  fluid,  being  a 
frictionless  fluid,  can  exercise  no  drag  by  friction  on  the  side  of 
the  pipe  in  the  direction  of  its  lengtii,  and  in  fact  can  exercise 
no  force  on  the  side  of  the  pipe,  except  at  right  angles  to  it.  Now 
the  fluid  flowing  round  the  curve  from  A  to  B  will,  no  doubt,  have  to 
be  deflected  from  its  course,  and  its  inertia,  by  what  is  commonly 
known  as  centrifugal  action,  will  cause  pressure  against  the  outer  side 
of  the  curve,  and  this  with  a  determinable  force.  The  magnitude  and 
direction  of  this  force  at  each  portion  of  the  curve  of  the  pipe  between 
A  and  B,  are  represented  by  the  small  arrows  mar!  red  /;  and  the 
aggregate  of  these  forces  between  A  and  B  is  represented  by  the  larger 
arrow  marked  G.  In  the  same  way  the  forces  acting  on  the  parts  BG, 
OD,  and  DE  are  indicated  by  the  arrows  H,  I,  and  J  *  and  as  the 
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conditions  under  which  the  fluid  passes  along  each  of  the  sncoessive 
parts  of  the  pipe,  are  precisely  alike,  it  follows  that  the  four  forces 
are  exactly  eqnal,  and,  as  shown  by  tiie  arrows  in  the  diagram,  they 
exactly  neutralise  one  another  in  virtue  of  their  respectiye  directions ; 
and  therefore  the  whole  pipe  from  A  to  E,  considered  as  a  rigid 
single  structure,  is  subject  to  no  disturbing  force  by  reason  of  Uie 
fluid  running  through  it. 

Though  this  conclusion  that  the  pipe  is  not  pushed  endways,  may 
appear  on  reflection  so  obvious  as  to  have  scarcely  needed  proof, 
I  hope  that  it  has  not  seemed  needless,  even  though  tedious,  to 
follow  somewhat  in  detail  the  forces  that  act,  and  which,  under  the 
assumed  conditions,  are  the  only  forces  that  act,  on  a  symmetrical  pipe 
such  as  I  have  supposed. 

Having  shown  that  in  the  instance  of  this  special  symmetrically 
curved  pipe,  the  flow  of  a  frictionless  fluid  through  it  does  not  tend  to 
push  it  endways,  I  will  now  proceed  to  show  that  this  is  also  the 
case  whatever  may  be  the  outline  of  the  pipe,  provided  that  its  be- 
ginning and  end  are  in  the  same  straight  Ime. 

Assume  a  pipe  bent  into  a  complete  circular  ring  with  its  ends 
joined,  and  the  fluid  within  it  running  with  velocity  round  the  circle. 
The  inertia  of  this  fluid,  by  centrifuged  force,  exercises  a  uniform  out- 
ward pressure  on  every  part  of  the  uniform  curve ;  and  this  is  the  only 
force  the  fluid  can  exert.  This  outward  pressure  tends  to  enlarge  or 
stretch  the  ring,  and  thus  causes  a  uniform  circumferential  tension  on 
each  part  of  the  ring. 

Now  take  a  ring  of  twice  the  diameter  and  suppose  the  fluid  to  be 
mnmng  round  it  with  the  same  linear  velocity  as  before.  The 
diameter  of  the  curve  being  doubled,  and  the  speed  being  the  same,  the 
outward  pressure  due  to  centrifugal  force  on  each  linear  inch  of  the 
ring  will  be  halved ;  but  since  the  diameter  is  doubled,  the  number  of 
linear  inches  in  the  circumference  of  the  ring  will  be  doubled.  Since, 
then,  we  have  twice  the  number  of  inches  acting,  each  with  half  the 
force,  the  total  force  tending  to  enlarge  the  ring  will  be  unaltered, 
and  the  circumferential  tension  on  the  ring  caused  by  the  centrifugal 
force  of  the  fluid,  will  be  just  the  same  as  before. 

In  the  same  way  we  can  prove  that  in  any  number  of  rings  of 
any  diameters,  if  the  linear  velocity  of  the  fluid  in  each  is  the  same, 
the  circumferential  tension  caused  by  the  centrifagal  force  of  the 
fluid  will  also  be  the  same  in  each. 

Now  let  us  take  each  of  these  rings  and  cut  out  a  piece,  and  then 
join  all  these  pieces  together  so  as  to  form  a  continuous  pipe,  as  in 
Fig.  4,  and  suppose  the  stream  of  fluid  flowing  through  fiie  com- 
bined pipe,  witii  the  same  linear  velocity  as  that  with  which  it  was 
before  flowing  round  each  of  the  rings.  The  fluid  in  each  of  the 
segments  will  now  be  in  precisely  the  same  condition  as  when  tho 
segment  formed  part  of  a  complete  ring,  and  will  subject  each  piece  of 
ring  to  the  same  strains  as  before,  namely,  to  a  longitudinal  tension  or 
strain,  and  to  that  only.    And  since  we  have  already  seen  that  the 
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tenBion  is  the  same  in  amount  in  each  ring,  the  tension  will  be  the 
same  at  every  point  in  the  combined  pipe. 

Fia.4. 


This  being  so,  if  we  imagine  the  pipe  to  be  flexible  (bat  not 
elastic),  and  to  be  fastened  at  the  ends,  &e  pipe,  although  flexible, 
will  not  tend  to  be  disturbed  in  its  shape  by  the  inertia  of  the  fluid 
which  is  running  through  it;  because  the  fluid  does  not  cause  any 
lateral  force,  but  only  a  longitudinal  stretching  force,  and  that,  the 
same  in  amount  at  every  point.  And  this  will  clearly  be  so  in  a  pipe 
of  any  outline,  because  any  curve  may  be  made  up  by  thus  piecing 
together  short  bits  of  circular  arcs  of  appropriate  radii. 

Let  us  then  take  a  flexible  pipe  having  the  two  ends  in  the  same 
straight  line,  but  pointing  away  from  one  another,  as  in  Fig.  5, 

Fio.  5. 


the  intermediate  part  being  of  any  outline  you  please.  If  the  ends 
are  fixed  we  have  seen  that  the  flow  of  fluid  will  not  tend  to  disturb 
the  pipe,  and  therefore  all  that  will  be  necessary  to  hold  it  in  its 
position,  will  be  an  equal  and  opposite  tension  supplied  by  the  anchor- 
ages at  the  ends,  to  prevent  the  ends  being  forced  towards  one  another. 
And  if,  instead  of  anchoring  the  ends,  we  put  a  strut  between  tiiem 
to  keep  them  apart,  the  pipe  thus  fitted  will  require  no  external  force 
to  keep  it  in  position.     In  other  words,  whatever  be  the  outline  of  a 
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pipe,  proTided  its  beginning  and  end  are  in  the  same  straight  line,  a 
frictionless  fluid  flowing  through  it,  will  have  no  tendency  to  pnsh  it 
bodily  endways. 

So  &r  I  have  dealt  only  with  pipes  having  nniform  sectional  area 
ihronghont  their  length,  an  assumption  which  has  been  necessary  to 
the  treatment  porsned,  as  the  Telocity  has  in  each  case  been  assumed 
to  be  nniform  thronghont  the  length  of  the  pipe.  I  will  now  proceed 
to  consider  the  behavionr  of  fluid  flowing  through  pipes  of  varying 
sectional  area,  and  consequently  flowing  with  varying  velocity. 

It  is,  I  thmk,  a  very  common  impression,  that  a  fluid  in  a  pipe, 
meeting  a  contraction  of  diameter  (see  Fig.  6),  exercises  an  excess  of 
Fig.  6.  Fio.  7. 


pressure  against  the  entire  converging  surface  which  it  meets,  and 
that,  conversely,  as  it  enters  an  enlargement  (see  Fig.  7),  a  relief  of 
pressure  is  experienced  by  the  entire  diverging  sur&ce  of  the  pipe. 
Further,  it  is  conmionly  thought  that  there  is  in  the  narrow  neck  of 
a  contracted  passage  ^see  Fig.  8)  an  excess  of  pressure  due  to  the 
squeezing  together  of  tne  fluid  at  that  point. 

Fio.  8. 


These  impressions  are  in  every  respect  erroneous;  the  pressure 
at  the  smallest  part  of  the  pipe  is,  in  fact,  less  than  that  at  any  other 
point,  and  vice  verad. 

If  a  fluid  be  flowing  along  a  pipe  A  B  which  has  a  contraction 
in  it  (see  Fig.  9),  the  forwf^  velocity  of  the  fluid  at  B  must  be 
greater  than  that  at  A,  in  the  proper-  Fiq.  9. 

tion  in  which  the  sectional  area  of 
the  pipe  at  B  is  less  than  that  at 
A;  and,  therefore,  while  passing 
from  A  to  B  the  forward  velocity 
of  the  fluid  is  being  increased.  This  increase  of  velocity  implies 
the  existence  of  a  force  acting  in  the  direction  of  the  motion,  to 
overcome  the  inertia  of  the  fluid ;  that  is  to  say,  each  particle 
which  is  receiving  an  increase  of  forward  velocity  must  have  a 
greater  fluid  pressure  behind  it  than  in  front  of  it ;  for  no  other  con- 
dition will  cause  that  increase  of  forward  velocity.  Hence  a  particle 
of  fluid,  at  each  stage  of  its  progress  along  the  tapering  contraction, 
is  passing  from  a  region  of  higher  pressure  to  a  region  of  lower 
pressure,  so  that  there  must  be  a  greater  pressure  in  the  larger  part 
of   the  pipe  than  in  the  smaller,   the  diminution   of    pressure  at 
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each  point  correBponding  with  the  diminution  of  sectional  area, 
corresponding,  that  is  to  say,  with  the  additional  forward  Telocity 
assumed  by  tiie  fluid  at  each  point  of  its  adyanoe  along  the  con- 
traction. Oonsequently,  differences  of  pressure  at  different  points  in 
the  pipe  depend  solely  upon  the  velocities,  or,  in  other  words,  on  the 
relative  sectional  areas  of  the  pipe,  at  those  points. 

It  is  easy  to  apply  the  same  line  of  reasoning  to  the  converse 
case  of  an  enlargement.  Here  the  velocity  of  Uie  particles  is  being 
reduced  through  precisely  the  same  series  of  changes,  but  in  an  oppo- 
site order.  The  fluid  in  the  larger  part  of  the  pipe  moves  more 
slowly  than  that  in  the  smaller,  so  that,  as  it  advances  along  the 
enlargement,  its  forward  velocity  is  being  checked;  and  this  check 
implies  the  existence  of  a  force  acting  in  a  direction  opposite  to  the 
motion  of  the  fluid,  so  that  each  particle  which  is  being  thus  retarded, 
must  have  a  greater  fluid  pressure  in  front  of  it  than  behind  it ;  thus 
a  particle  of  fluid  at  each  stage  of  its  progress  along  a  tapering  enlarge- 
ment of  a  pipe,  is  passing  £rom  a  region  of  lower  pressure  to  a  region 
of  higher  pressure,  the  change  of  pressure  corresponding  to  the  change 
of  velocity  required.  Hence  we  see  that  a  given  change  of  sectional 
area  will  require  the  same  change  of  pressure,  whether  the  pipe  be  an 
enlargement  or  a  contraction. 

Therefore,  in  a  pipe  in  which  there  is  a  contraction  and  a  subse- 
quent enlargement  to  the  same  diameter  as  before  (see  Fig.  8),  since 
the  differences  of  pressure  at  different  points  depend  on  the  differences 
of  sectional  area  at  those  points,  by  a  law  which  is  exactly  the  same  in 
an  enlarging  as  in  a  contracting  pipe,  the  points  which  have  the  same 
sectional  areas  will  have  the  same  pressures,  the  pressures  at  the 
larger  areas  being  larger,  and  those  at  the  smaller  areas  smaller. 

Precisely  the  same  result  will  follow  in  the  case  of  an  enlarge- 
ment followed  by  a  contraction  (see  Fig.  10). 

Fig.  10. 


Were  water  a  frictionless  fluid  these  propositions  could  be  exactly 
verified  by  experiment  as  follows. 

Figs.  11  and  12  show  certain  pipes,  the  one  a  contraction  followed 
by  an  enlargement,  the  other  an  enlargement  followed  by  a  con- 
traction. At  certain  points  in  each  pipe  there  are  small  holes,  com- 
municating with  vertical  gauge-glasses.  The  height  at  which  the 
fluid  stands  in  each  of  these  vertical  glasses,  of  course  indicates  the 
pressure  in  the  pipe  at  the  point  of  attachment. 

In  Fig.  11  the  sectional  areas  at  E  and  P  are  equal  to  one  another. 
Those  at  0  and  E  are  likewise  equal  to  one  another,  but  are  smaller 
than  those  at  E  and  P.  The  area  at  I  is  the  smallest  of  all.  Now, 
the  fluid  being  frictionless,  the  pressures  at  E  and  P  indicated  by  the 
heights  E  D  and  P  Q  would  be  equal,  these  being  greater  than  0  H 
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and  EN.    OH  and  EN  would  also  bo  equal  to  one  another,  and 
would  be  themselyeB  greater  than  1  J. 

Fig.  11. 


Fig.  12. 

LiviL  OP    Hkao  dui;  to  vblocitv 


The  results  shown  in  Fig.  12  are  similar  in  kind,  equal  pressures 
corresponding  to  equal  sectional  areas. 

But  if  the  experiment  were  tried  with  water,  some  of  the  pressure 


Fig.  13. 


at  each  successive  point  would  bo  lost  in  friction,  and  this  growing 
defect  in  pressure,  or  ^gradient,"  would  be  indicated  in  the  successiTe 
g^^^go-gla^ses  in  the  manner  shown  in  Figs.  13  and  14. 
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I  have  here  arranged  an  experiment  which  conveniently  illnstrates 
these  propositions,  making  allowance  for  the  frictional  gradient. 


FiQ.  14. 


Crambi 


yqy    rmicTiow 


hklefgahc  (see  Fig.  15)  is  a  continnons  series  of  glass 
tnbes,  through  which  water  is  flowing  from  the  cistern  n  to  the  outlet 
m.  The  cistern  is  kept  full  to  a  certain  level.  The  tube  from  hiol 
is  what  I  have  called  an  enlargement  followed  by  a  contraction  Qike 
Fig.  10);  from  6  to  ^,  the  diameter  is  the  same  tl^ughout;  and  trom 
a  to  &,  the  tube  is  a  contraction  followed  by  an  enlargement  (like  Fig. 
8).  Just  as  in  Figs.  11, 12, 13,  14,  gauge-glasses  are  here  fitted  to 
the  various  tubes,  to  show  the  pressures  of  the  water  in  them  at 
various  points. 

Let  us  first  consider  the  parallel  pipe  eg.  If  the  fluid  were  fric- 
tionless,  tfie  diameter  being  uniform,  the  pressure  would  be  uniform 
throughout,  and  the  fluid  would  stand  at  the  same  level  in  each  of  the 
three  gauge-glasses.  But,  owing  to  the  friction,  the  water  surfiaces  in 
the  three  glasses  do  not  come  up  to  a  level  line,  but  form  a  descending 
line,  namely  the  frictional  gradient. 

Now  take  the  pipe  a  c  Here  the  smallest  pressure  denoted  by 
the  water  level  at  &',  is  in  the  middle  at  &,  where  the  diameter  is 
smallest,  and  the  greatest  pressure  denoted  by  the  water  levels  at 
a',  c\  is  at  the  two  ends  a,  c,  where  the  diameter  is  greatest.  And  if 
the  fluid  were  frictionless,  the  pressure  at  the  two  ends,  which  have 
the  same  diameter,  would  bo  the  same,  but  with  water  there  is,  as  in 
the  parallel  pipe  e  ^,  a  gradient  or  loss  of  pressure  due  to  the 
friction. 

The  frictional  gradient,  according  to  well-known  hydraulic  rules, 
has  a  definite  law  of  variation  in  terms  of  diameter  and  velocity, 
consequently  it  has  been  possible  by  calculation  to  so  arrange  the 
diameters  of  the  pipes,  that  the  parallel  pipe  e  g  should,  according 
to  the  rule,  have  liie  same  frictional  gradient  as  tiie  pipe  a  c,  and  as 
we  see  that  the  gradients  are  in  &ct  the  same,  the  result  not  merely 
illustrates  but  verifies  the  propositions. 

In  the  pipe  h  k  I  we  have  the  smallest  diameter  at  the  two  ends 
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h'  tnd  I,  tnd  the  laigest  diameter  at  the  middle  point  k,  and  conBe- 
quentlj  we  have  the  sm^est  pressures  denoted  by  the  water  leyels  at 
h'  and  P,  at  the  two  ends,  and  the  greatest  pressure  in  the  middle 
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denoted  by  the  water  level  at  V,  and  we  again  have  the  &11  or  gradient 
£rom  end  to  end  due  to  friction. 

These  experiments  afford  a  good  verification  of  the  proposition 

which  I  jnst  now  explained,  namely,   that  in  a  frictionless  fluid 

flowing  through  a  pipe  of  varying  diameter,  the  pressure  at  each 

F     17       po^^  depends  on  the  sectional  area  at  that 

Fio.  16.  Fio.  7.      pQin^^  there  being  equal  pressures  at  the  points 

of  equal  sectional  area.    Hence  if  in  the  pipe 

shown  in  Fig.  16  the  areas  at  all  the  points 

marked  A  are  equal,  if  also  the  areas  at  all 

the  points  marked  B  are  equal,  and  so  also 

with  those  at  C  and  D,  then  the  pressures 

at  all  the  points  A  will  be  the  same,  the 

pressures   at  all  the  points  B  will  be  the 

same,  and  so  with  those  at  C  and  D. 

Since,  then,  the  pressure  at  each  point 
depends  on  the  sectional  area  at  that  point 
and  on  that  only,  it  is  easy  to  show  that  the 
variations  in  pressure  due  to  the  flow  are  not 
such  as  can  cause  any  total  endways  force 
on  the  pipe,  provided  its  sectional  area  at 
each  end  is  Ihe  same. 

Take  for  instance  the  pipe  shown  in  Fig. 
17.  The  conical  portion  of  pipe  A  B  presents 
the  same  area  of  surface  effective  for  end- 
ways pressure  as  does  the  conical  portion 
H  I,  only  in  opposite  directions.  They  are 
both  subject  to  the  same  pressure,  being  that 
appropriate  to  their  effective  mean  diimeter 
J.  Consequently  the  endways  pressures  on 
these  portions  are  equal  and  opposite,  and 
neutralise  one  another.  Precisely  in  the 
same  way  it  may  be  seen  that  the  endways 
pressures  on  B C,  CD,  D E,  exactly  counter- 
act those  on  OH,  FG,  EF;  and  it  maybe 
similarly  shown,  that  in  any  combination 
whatever  of  enlargements  and  contractions, 
provided  the  sectional  area  and  direction  of 
the  pipe  at  the  two  ends  are  the  same,  the 
total  endways  force  impressed  on  the  pipe 
by  the  fluid  flowing  through  it  must  be 
nil. 

We  see  then  that  a  frictionless  fluid  flow- 
ing through  a  pipe  of  any  form,  whether  tor- 
tuous or  of  varying  diameter,  will  not  tend 
to  push  it  endways,  as  long  as  the  two  ends  of  the  pipe  are  in  the  same 
straight  Uno,  and  have  the  same  sectional  area ;  in  a  word,  as  long  as 
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the  speed  and  direction  of  flow  of  the  fluid  are  the  same  in  leaving  the 
pipe  ae  in  entering  it ;  and  in  this  compound  proposition  concerning 
the  flow  of  fluid  through  pipes,  I  have  laid  the  necessary  foundation 
for  the  treatment  of  the  case  of  the  flow  of  an  ocean  of  frictionless 
fluid  past  a  submerged  body. 

I  have  dealt  with  the  instance  of  a  single  stream  of  uniform  sec- 
tional area  (and  therefore  of  uniform  velocity  of  flow)  enclosed  in  a 
pipe  of  any  outline  whatever,  and  I  have  dealt  with  the  instance  of  a 
single  stream  of  varying  sectional  area  and  velocity  of  flow ;  and  in 
both  these  cases  I  have  shown  that,  provided  the  streams  or  pipe- 
contents  finally  return  to  their  original  direction  and  velocity  of  flow, 
they  administer  no  total  endways  force  to  the  pipe  or  channel  which 
causes  their  deviations. 

I  am  now  going  to  deal  with  a  combination  of  such  streams,  each 
to  some  extent  curved  and  to  some  extent  varying  in  sectional  area, 
which,  when  taken  together,  constitute  an  ocean  of  fluid,  flowing 
steadily  past  a  stationary  submerged  body,  see  Fig.  18 ;  and  here  also, 
since  the  combination  of  curved  streams  surrounding  the  body,  which 
together  constitute  the  ocean  flowing  past  it,  return  finally  to  their 
original  direction  and  velocity,  they  cannot  administer  to  the  body  any 
endways  force. 

Every  particle  of  the  fluid  composing  this  ocean,  as  it  passes  the 
body,  must  undoubtedly  follow  some  path  or  other,  though  we  may 
not  be  able  to  find  out  what  path ;  and  every  particle  so  passing  is 
preceded  and  followed  by  a  continuous  stream  of  particles  all  fol- 
lowing the  same  path,  whatever  that  may  be.  We  may  then,  in 
imagination,  divide  the  ocean  into  streams  of  any  size  and  of  any 
cross  section  we  please,  provided  they  fit  into  one  another  so  as  to 
occupy  the  whole  space,  and  provided  the  boundaries  which  separate 
the  streams  exactly  follow  the  natural  courses  of  the  particles. 

If  we  trace  the  streams  to  a  sufficient  distance  ahead  of  the  body, 
we  shall  there  find  the  ocean  flowing  steadily  on,  completely  undis- 
turbed by,  and,  so  to  speak,  ignorant  of  the  existence  of  the  body 
which  it  will  ultimately  have  to  pass.  There,  all  the  streams  must 
have  the  same  direction,  the  same  velocity  of  flow,  and  the  same 
pressure.  Again,  if  we  pursue  their  course  backwards  to  a  sufficient 
distance  behind  the  body,  we  shall  find  them  all  again  flowing  in 
their  original  direction;  they  will  also  have  all  resumed  their  original 
velocity;  for  otherwise,  since  the  velocity  of  the  ocean  as  a  whole 
cannot  have  changed,  we  should  have  a  number  of  straight  and 
parallel  streams  having  diflerent  velocities  side  by  side  with  one 
another.  This,  in  a  frictionless  fluid,  would  be  clearly  an  impossible 
state  of  things,  for  we  have  seen  that  in  a  frictionless  fluid  the  velo- 
cities exactly  correspond  with  the  pressures,  so  that  if  the  velocities 
of  these  streams  were  diflerent  the  pressures  would  be  different,  and  if 
the  pressures  were  different  the  fluid  would  begin  to  flow  from  the 
greater  pressures  towards  the  less,  and  the  streams  would  thus  become 
curved  instead  of  straight. 
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Thus,  although  in  order  to  get  past  the  body  these  streams  follow 
some  courses  or  other,  various  both  in  direction  and  velocity,  settling 
themselves  into  these  courses  in  virtue  of  the  various  reactions  which 
they  exert  upon  one  another  and  upon  the  surface  of  the  body,  yet 
ultimately,  and  through  the  reverse  operation  of  corresponding  forces, 
they  settle  themselves  into  their  original  direction  and  original  velocity. 
Now  the  sole  cause  of  the  original  departure  of  each  and  all  of  these 
streams  from,  and  of  their  ultimate  return  to,  their  original  direction 
and  velocity,  is  the  submerged  stationary  body;  consequently  the  body 
must  receive  the  sum  total  of  the  forces  necessary  to  thus  affect  the 
streams.  Ck)nv6r8ely  this  sum  total  of  force  is  the  only  force  which  the 
passage  of  the  fluid  is  capable  of  administering  to  the  body.  But  we 
know  that  to  cause  a  single  stream,  and  therefore  also  to  cause  any 
combination  or  system  of  streams,  to  follow  any  courses  changing  at 
various  points  both  in  direction  and  velocity,  requires  the  application 
offerees  the  sum  total  of  which  in  a  longitudinal  direction  is  m7, 
provided  that  the  end  of  each  stream  has  the  same  direction  and  velocity 
as  the  beginning.  Therefore  the  sum  total  of  the  forces  (in  other 
words  the  only  force)  brought  to  bear  upon  the  body  by  the  motion 
of  the  fluid  in  the  direction  of  its  flow,  is  tUl, 

Another  instructive  way  of  regarding  the  same  problem  is  this. 
Suppose  each  and  every  one  of  the  streams  into  which  we  have 
subdivided  the  ocean,  to  be  enclosed  in  an  imaginary  rigid  pipe  made 
exactly  to  fit  it,  throughout,  the  skin  of  each  pipe  having  no  thickness 
whatever.  The  innermost  skin  of  the  innermost  layer  of  pipes  (I 
mean  that  layer  which  is  in  contact  with  the  side  of  the  body),  the 
innermost  skin,  I  say,  of  this  layer  is  practically  neither  more  nor  less 
than  the  skin  or  suiiiEtce  of  the  body.  The  other  parts  of  the  skins  of 
this  layer,  and  all  the  skins  of  all  the  other  pipes,  simply  separate 
fluid  from  fluid,  which  fluid  ex  hypothesi  would  be  flowing  exactly  as 
it  does  flow  if  the  skins  of  the  pipes  were  not  there ;  so  that,  in  fiact, 
if  the  skins  were  perforated,  the  fluid  would  nowhere  tend  to  flow 
through  the  holes.  Under  these  circumstances  the  flow  of  the  fluid 
clearly  cannot  bring  any  force  to  bear  on  any  of  the  skins  of  any  of 
the  pipes,  except  on  the  innermost  skin  of  the  innermost  layer.  Now 
we  know  that  the  fluid  flowing  through  this  system  of  pipes  admini- 
sters no  total  endways  force  to  any  one  of  the  pipes  or  to  the  system 
as  a  whole.  But  it  produces,  as  we  have  just  seen,  no  force  whatever 
upon  any  of  the  skms  which  separate  fluid  from  fluid  ;  consequently, 
if  these  are  removed  altogether,  tlie  force  administered  to  the  remainder 
of  the  system,  will  be  the  same  as  is  administered  to  the  whole  system, 
namely,  no  total  endways  force  whatever.  But  what  is  this  remainder 
of  the  system  which  has  no  total  endways  force  upon  it  ?  Simply  the 
surface  of  the  body,  which  is  formed,  as  I  have  already  said,  by  the 
innermost  skins  of  the  innermost  layer  of  pipes.  Therefore  no  total 
endways  force  is  administered  to  the  body  by  the  flow  of  the  fluid. 

I  have  now  shown  that  an  infinite  ocean  of  frictionless  fluid  flowing 
past  a  stationary  submerged  body  cannot  administer  to  it  any  endways 
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force,  whatever  be  the  natnre  of  the  consequent  deviations  of  the  streams 
of  fluid.  The  question,  what  will  be  in  any  given  case  the  precise  con- 
figuration of  those  deviations,  is  irrelevant  to  the  proof  I  have  given 
of  this  proposition.  Nevertheless  it  is  interesting  to  know  something 
at  least,  of  the  general  character  which  these  deviations,  or  <' stream- 
lines," assume  in  simple  cases;  therefore  I  show  some  in  Figs.  18  and 
19,  which  are  drawn  according  to  the  method  explained  by  the  late 
Professor  Rankine. 

The  longitudinal  lines  represent  paths  along  which  particles  flow ; 
they  may  therefore  be  regarded  as  boundaries  of  the  streams  into 
which  we  imagined  the  ocean  to  be  divided. 

We  see  that,  as  the  streams  approach  the  body,  their  first  act  is 
to  broaden,  and  consequently  to  lose  velocity,  and  therefore,  as  we 
know,  to  increase  in  pressure.  Presently  they  begin  to  narrow,  and 
therefore  quicken,  and  diminish  in  pressure,  until  they  pass  the  middle 
of  the  body,  by  which  time  they  have  become  narrower  than  in  their 
original  undisturbed  condition,  and  consequently  have  a  greater 
velocity  and  less  pressure  than  the  undisturbed  fluid.  After  passing 
the  middle  they  broaden  again  until  they  become  broader  than  in 
their  original  condition,  and  therefore  have  less  velocity  and  greater 
pressure  than  the  undisturbed  fluid.  Finally,  as  they  recede  from  the 
body  they  narrow  again  until  they  ultimately  resume  their  original 
dimension,  velocity,  and  pressure.  Thus,  taking  the  pressure  of  the 
surrounding  undisturbed  fluid  as  a  standard,  we  have  an  excess  of 
pressure  at  both  the  head  and  stem  ends  of  the  body,  and  a  defect  of 
pressure  along  the  middle. 

We  proved  just  now  that,  taken  as  a  whole,  the  pressures  due  to 
the  inertia  of  the  fluid  could  exert  no  endways  push  upon  the  stationary 
body.  We  now  see  something  of  the  way  in  which  the  separate  pres- 
sures act,  and  that  they  do  not,  as  seems  at  first  sight  natural  to 
expect,  tend  all  in  the  direction  in  which  the  fluid  is  flowing ;  on  the 
contrary,  pressure  is  opposed  to  pressure,  and  suction  to  suction,  and 
the  forces  neutralise  one  another  and  come  to  nothing ;  and  thus  it  is 
that  an  ocean  of  frictionless  fluid,  flowing  at  steady  speed  past  a 
stationary  submerged  body,  does  not  tend  to  push  it  in  the  direction  of 
the  flow.  This  being  so,  a  submerged  body  travelling  at  a  steady 
speed  through  a  stationary  ocean  of  frictionless  fluid  will  exx>erience 
no  resistance. 

Since  then  a  frictionless  fluid  would  o£fer  no  resistance  to  a  sub- 
merged body  moving  through  it,  we  have  next  to  consider  what  are 
the  real  causes  of  the  resistance  which  such  a  body  experiences  when 
moving  through  water. 

The  diflerence  between  the  behaviour  of  water,  and  that  of  tho 
frictionless  fluid  is  twofold,  as  follows : 

First,  the  particles  of  water,  unlike  those  of  a  frictionless  fluid,  exert 
a  drag  or  frictional  -resistance  upon  the  surface  of  the  body  as  they 
glide  along  it.     This  action  is  commonly  called  surface-fnctiou  or 
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skm-friotioii,  and  its  amount  in  any  given  case  can  be  calculated  from 
general  experimental  data.  The  resistance  due  to  the  surface-friction 
of  a  body  snch  as  that  which  we  have  been  considering  is  practically 
the  same  as  that  of  a  plane  surface  of  the  same  length  and  area, 
moving  at  the  same  speed  edgeways  through  the  water. 

The  second  difference  between  the  behaviour  of  water,  and  that 
of  the  imaginary  frictionless  fluid  surrounding  the  moving  submerged 
body,  is  that  the  mutual  frictional  resistance  experienced  by  the 
particles  of  water  in  moving  past  one  another,  somewhat  hmders 
the  necessary  stream -line  motions,  alters  their  nice  adjustment  of 
pressures  and  velocities,  defeats  the  balance  of  forward  and 
backward  forces  acting  against  the  surface  of  the  body,  and  thus 
induces  resistance.  This  action,  however,  seems  imperceptible  in 
forms  of  fairly  easy  shape  such  as  that  shown  in  Fig.  2,  and  only 
operates  tangibly  where  there  are  angular  features,  or  very  blunt 
stems,  like  the  blunt  round  tail,  for  instance,  of  the  bodies  shown 
in  Figs.  18  and  19.  In  such  a  case,  the  stream-lines,  instead  of 
closing  in  roimd  the  stern,  as  shown  in  the  figures,  form  a  swirl  or 
eddy,  from  which  it  results  that  the  excess  of  pressure  which  would 
exist  at  the  tail-end  in  a  frictionless  fluid,  and  which  would  there 
counterbalance  the  similar  excess  of  pressure  at  the  nose  of  the  body, 
becomes  in  water  greatly  reduced,  and  in  part  converted  into  negative 
pressure,  and  thus  a  very  great  resistance  may  result.  It  is  worth 
mentioning,  however,  that  it  is  blunt  tails  rather  than  blunt  noses  that 
cause  these  eddies,  and  thus  a  body  with  one  end  round  and  the  other 
sharp,  no  doubt  experiences  least  resistance  when  going  with  the 
round  end  first. 

I  call  this  source  of  resistance  **  eddy-making  resistance,"  and  as 
I  have  said,  it  will  be  imperceptible  in  forms  of  fiftirly  easy  shape, 
such,  for  example,  as  Fig.  2.  Such  a  form  of  submerged  body  will 
experience  practically  no  resistance  except  that  due  to  siirface-friction, 
and  will  therefore  experience  practically  only  the  same  total  resistance 
as  a  thin  plane,  like  Fig.  1,  moving  edgeways,  which  possesses  the 
same  area  of  wetted  skin.  In  fact,  we  may  say  generally,  that  all  sub- 
merged bodies  of  fairly  fine  lines,  experience  no  resistance  except 
sur&ce-friction. 

I  have  hitherto,  throughout  the  whole  of  this  reasoning,  been  deal- 
ing with  submerged  bodies  only,  by  which  I  mean  bodies  travelling  at 
a  great  depth  below  the  surface  of  the  fluid  ;  and  I  have  shown  the  sole 
causes  of  their  resistance  to  be  the  two  I  have  termed  respectively 
Burfiioe-friction  and  eddy-making  resistance.  But  when  we  come  to 
the  case  of  a  ship,  or  any  other  body  travelling  at  or  indeed  near  the 
surface,  we  find  a  new  cause  of  resistance  introduced ;  a  cause,  the 
consideration  of  which  is  often  of  most  vital  importance  in  the  design 
of  the  forms  of  ships,  and  which  renders  the  question  of  the  form  of 
least  resistance  for  a  ship,  entirely  different  from  that  of  the  form 
of  least  resistance  for  a  submerged  body.      This  new  cause  of  re- 
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Bistance,  like  the  eddy-makiiig  resistance,  operates  by  altering  the 
stream-line  motions  and  defeating  their  balance  of  forward  and  back- 
ward forces.     It  arises  as  follows : 

Imagine  a  ship  travelling  at  the  surface  of  the  water,  and  first 
let  us  suppose  the  surface  of  the  water  to  be  covered  with  a  sheet 
of  rigid  ice,  and  the  ship  cut  off  level  with  her  water-line,  so  as 
to  travel  beneath  the  ice,  floating,  however,  exactly  in  the  same  posi- 
tion as  before  (see  Fig.  20).     As  the  ship  travels  along,  the  stream- 

FiG.  20. 


line  motions  will  be  the  same  as  for  a  submerged  body,  of  which  the 
ship  may  be  regarded  as  the  lower  half;  and  the  ship  will  move 
without  resistance,  except  that  due  to  the  two  causes  I  have  just 
spoken  of,  namely  surface-friction  and  eddy-making  resistance.  The 
stream-line  motions  being  the  same  in  character  as  those  we  have 
been  considering,  we  shall  still  have  at  each  end  an  excess  of  pres- 
sure, and  along  the  sides  a  defect  of  pressure,  which  will  tend  the 
one  to  force  up  the  sheet  of  ice  and  the  other  to  suck  it  down.  K 
now  we  remove  the  ice,  the  water  will  obviously  rise  in  level  at  each 
end,  in  order  that  excess  of  hydrostatic  head  may  afford  the  necessary 
reaction  against  the  excess  of  pressure,  and  the  water  will  sink  by  the 
sides,  in  order  that  defect  of  hydrostatic  head  may  afford  reaction 
against  the  defect  of  pressure. 

The  hills  and  valleys  which  thus  commence  to  be  formed  in  the 
water  are,  in  a  sense,  waves,  and  though  originating  in  the  stream- 
line forces  of  the  body,  yet  when  originated,  they  come  under  the 
dominion  of  the  ordinary  laws  of  wave-motion,  and  to  a  large  extent 
behave  as  independent  waves;  and  in  virtue  of  their  independent 
action  they  modify  the  stream-line  forces  which  originated  them,  and 
alter  the  pressures  which  are  acting  upon  the  surface  of  the  ship. 

The  exact  nature  of  this  alteration  of  pressure,  in  any  given  case, 
we  have  no  means  of  predicting ;  but  we  can  be  quite  sure  it  must 
operate  to  alter  the  balance  of  forward  and  backward  forces  in  such  a 
way  as  to  cause  resistance ;  for  we  see  that  the  final  upshot  of  all  the 
different  actions  which  take  place  is  this — that  the  ship  in  its  passage 
along  the  surface  of  the  water  has  to  be  continually  supplying  the 
waste  of  an  attendant  system  of  waves,  which,  from  the  nature  of  their 
constitution  as  independent  waves,  are  continually  diffusing  and  trans- 
mitting themselves  into  the  surrounding  water,  or,  where  they  form 
what  is  called  broken  water,  crumbling  away  into  froth.  Now,  waves 
represent  energy,  or  work  done,  and  therefore  all  the  energy  repre- 
sented by  the  waves  wasted  from  the  system  attending  the  ship,  is  so 
much  work  done  by  the  propellers  or  tow-ropes  which  are  urging  the 
ship.     So  much  wave-energy  wasted  per  mile  of  travel  is  so  much 
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work  done  per  mile,  and  so  mnch  work  done  per  mile  is  so  much 
resistance. 

The  surface  of  the  water  thus  admits  of  an  escape,  as  it  were,  of 
the  pressures  which  arise  from  the  inertia  of  the  particles  of  the  fluid 
which  have  to  he  set  in  motion  hy  the  hody.  But  so  far  from  therehy 
rendering  less  ohstruction  to  the  passage  of  the  hody,  these  pressures 
are  enahled  hy  that  very  escape  to  result  in  a  resistance,  which,  if 
they  were  confined  hy  the  fluid  overhead,  as  with  a  suhmerged  hody, 
they  would  have  heen  unahle  to  produce ;  in  fitct  at  the  sur&ce  the 
particles  are  ahle  to  escape  the  duty  of  restoring  to  the  hody  the 
power  which  the  hody  employed  to  set  them  in  motion.  There  can 
he  no  douht  that  in  this  way  a  fish,  when  swimming  so  close  to  the 
sur&ce  as  to  make  waves,  experiences  more  resistance  than  when 
deeply  immersed. 

It  is  worth  remark  that  this  cause  of  resistance,  **  wave-genesis " 
or  "  wave-making  resistance,"  as  it  has  heen  termed^  would  hi6  equally 
a  cause  of  resistance  in  a  frictionless  fluid,  and  it  is  for  this  reason 
that  in  proving  to  you  just  now  that  a  hody  would  experience  no 
resistance  in  moving  through  a  frictionless  fluid,  I  limited  the  case 
to  that  of  a  suhmerged  hody.  It  is  true  that  in  a  frictionless  fluid 
the  wave  system  generated  hy  a  ship  would  not  waste  away,  as  in 
water,  hy  its  internal  friction ;  hut  it  would  none  the  less  he  diflhsed 
into  the  surrounding  fluid,  and  thus,  as  the  ship  proceeded,  she  would 
cover  a  larger  and  larger  area  of  ocean  surface  with  the  waves  she 
was  making. 

Having  arrived  at  this  point,  I  think  it  will  he  useful  hriefly  to 
review  the  several  cases  of  motion  through  fluid,  in  order  to  trace 
where  the  several  causes  of  resistance  we  have  dealt  with,  come 
into  operation. 

Caise  I. — A  plane  moving  edgeways  through  frictionless  fluid. 
Here  there  will  he  no  resistance. 

Case  II.— A  plane  moving  edgeways  through  frictional  fluid. 
Here  there  will  he  resistance  due  to  surface  friction. 

Case  in. — A  suhmerged  hody  moving  through  frictionless  fluid. 
The  inertia  of  the  fluid  undergoing  stream-line  motion,  causes  excess 
of  pressure  at  the  two  ends,  and  defect  of  pressure  along  the  middle. 
The  forward  and  backward  pressures  balance  one  another,  and  there- 
fore cause  no  resistance. 

Case  lY. — A  submerged  body  moving  through  frictional  fluid. 
Here  there  is  resistance  due  to  surface  friction.  Also,  if  the  body 
is  abrupt  enough  to  cause  eddies,  part  of  the  excess  of  pressure  at  the 
tail-end  will  be  converted  by  the  friction  of  the  particles  of  fluid 
into  defect  of  pressure,  and  so  will  destroy  the  balance  between  the 
forward  and  backward  pressures,  thus  causing  eddy-making  resistance. 

Case  V. — A  body  moving  through  frictionless  fluid,  but  at  or 
near  the  surface.  The  direct  pressures  on  the  surface  of  the  body,  are 
altered  by  the  operation  of  the  wave  system  which  has  been  created, 
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thus  deBtroying  the  balance  of  forward  and  backward  forces,  and 
introdacing  "  wave-making  resistance." 

Case  VI. — A  body  moving  through  frictional  fluid  at  or  near  the 
surface.  Here,  surface-friction,  eddy-making  resistance,  and  wave- 
making  resistance  will  act  in  combination,  and  will  together  make  up 
the  total  resistance. 

Having  thus  reviewed  the  several  operations  which  will  combine 
to  cause  resistance  to  a  ship  moving  at  the  surface  of  the  water,  it 
will  be  interesting  to  see  in  what  proportion  they  are  combined  in  an 
actual  ship  of  ordinary  form;  and  to  take  a  single  instance  I  show  the 
"curves  of  resistance,"  as  they  are  called,  of  the  SS.  *  Merkara,*  a  mer- 
cantile ocean  steamship  of  3980  tons.  It  is  perhaps  necessary  to 
explain  that  a  curve  of  resistance  is  a  diagram  constructed  to  show  at 
a  glance  the  resistance  at  any  speed,  so  that  if  any  point  be  taken  on 
the  scale  of  speed  forming  the  base-line,  the  ordinate  or  vertical 
height  from  the  point  to  the  curve  above,  measured  by  the  scale  of 
force,  will  show  the  amount  of  resistance  at  that  speed.  Thus,  in 
Fig.  21,  where  the  uppermost  line  represents  the  total  resistance  of  the 
ship,  we  .see  that  at  a  speed  of  twelve  knots  the  resistance  as  indi- 
cated by  the  height  up  to  the  line  is  9*3  tons. 

The  plain  line  on  Fig.  21,  is  the  curve  of  total  resistance  of  the 
•  Merkara  *  deduced  from  experiments  made  with  a  model  of  that  ship. 


Fro.  21. 


Speed  in  Knots  per  hour. 

The  lowest  of  the  two  dotted  lines  is  the  curve  of  surface-friction 
resistance  of  the  ship,  calculated  from  experiments  made  upon  the 
resistance  of  thin  planes  moving  edgeways  through  water.    The  space 
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between  the  foregoing  line  and  the  dotted  line  immediately  above  it, 
represents  the  amount  of  resistance  due  to  eddy-making,  deduced  from 
data  which  it  would  take  too  long  to  describe  here.  The  space 
between  this  upper  dotted  Hne  and  the  plain  line  above  it  is  the  wave- 
making  resistance. 

We  see  then,  that  with  this  ship  the  eddy-making  resistance  is 
about  eight  per  cent,  of  the  surface-friction,  at  all  speeds.  We  see 
further  that  at  eight  knots  the  wave-making  resistance  is  practically 
m7,  that  at  eleven  knots  it  is  only  twelve  per  cent,  of  the  whole 
resistance  at  that  speed,  and  that  at  thirteen  knots,  which  is  the 
maximum  speed  of  the  ship,  it  is  seventeen  per  cent,  of  the  whole. 
As  we  go  further  up  in  the  scale  of  speed  the  wave-making  resistance 
mounts  up  very  largely,  and  at  nineteen  knots  is  fully  sixty  per  cent 
of  the  whole  resistance. 

The  curve  of  resistance  here  given  may  be  taken  as  a  fair  sample 
of  those  of  ships  of  good  build.  It  may  be  said  generally  that  the 
eddy-making  resistance  is  a  comparatively  small  amount,  and  that  it 
bears  at  all  speeds  nearly  a  constant  proportion  to  the  surface-friction. 
The  wave-making  resistance,  on  the  contrary,  always  increases  with 
increase  of  speed  at  a  more  rapid  rate  than  the  surface-friction,  being 
generally  nil  at  a  very  low  speed,  and  becoming,  at  very  high  speeds, 
more  than  half  of  the  whole  resistance.  Large  ships,  however,  do 
not  often  attain  under  steam,  speeds  at  which  the  wave  resistance  is 
more  than  some  forty  per  cent,  of  the  whole. 

It  is  a  point  worth  noticing  here,  what  an  exceedingly  small  force, 
after  all,  is  the  resistance  of  a  ship,  compared  with  the  apparent  magni- 
tude of  the  phenomena  involved.  Scansely  anyone,  I  imagine,  seeing 
for  instance  the  new  frigate  '  Shah '  steaming  at  full  speed,  would  be 
inclined  at  first  sight  to  credit,  what  is  nevertheless  the  fact,  that  the 
whole  propulsive  force  necessary  to  produce  that  apparently  tremen- 
dous effect  is  only  27  tons,  in  fact  less  than  one  two-hundredth  part 
of  the  weight  of  the  vessel  And  of  this  small  propulsive  force,  at 
least  15  tons,  or  more  than  one-half,  is  employed  in  overcoming  surface- 
friction  simply. 

Thus,  although  the  vessel  carries  at  her  bow  a  wave  seven  feet 
high,  the  forces  which  produce  this  are  so  far  neutralised  by  other 
similar  forces  that  the  whole  of  her  resistance,  exclusive  of  surface- 
friction,  might  be  represented  by  the  stemward  pressure  on  her  bow 
which  would  be  due  to  a  single  wave  fourteen  inches  high.  Indeed,  a 
wave  thirty  inches  high  would  represent  a  stemward  pressure  equal 
to  the  whole  resistance  of  tho  ship. 

The  truth  is,  that  the  forces  which  are  at  work,  namely  the  stream- 
line pressures  due  to  the  inertia  of  the  fluid,  are  indeed  very  great ; 
what  we  have  to  deal  with,  in  the  shape  of  eddy-making  or  wave- 
making  resistance,  is  nothing  but  a  minute  difference  or  defective 
balance  between  these  great  forces,  and  fortunate  it  is  that  they 
balance  as  well  as  they  do.  With  a  well-shaped  ship  at  moderate 
speed  we  have  scarcely  any  resistance  but  skin  friction,  for  the 
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balance  of  Btream-line  pressures  is  almost  perfect ;  bat  nevertheless 
they  are  all  the  while  in  full  operation,  a  forward  force  counteracting 
a  backward  force,  each  equal  to  perhaps  five  times  the  existing  total 
resistance  of  the  ship.  We  can  easily  imagine,  then,  that  when  we 
once  begin  to  tamper  with  this  balance,  we  may  produce  unexpectedly 
groat  resistance;  and  thus  when  we  are  dealing  with  speeds  at 
which  the  wave-making  resistance  comes  into  play,  a  small  variation 
in  form  may  cause  a  comparatively  large  variation  in  the  wave-making 
resistance.  It  is  this  fact  which  gives  the  wave-making  resistance 
such  a  vital  importance  in  connection  with  the  designing  of  ships; 
but  unfortunately,  although  the  snr&ce  friction  element  of  resistance 
is  easily  calculated  in  all  cases  from  general  experimental  data, 
neither  theory  nor  general  experiment  have  as  yet  supplied  means 
of  calculation  applicable  to  the  wave-making  resistance.  In  the 
absence  of  this  knowledge  we  have  to  rely  on  direct  experiments 
with  different  forms  of  vessels,  and  to  supply  these  is  one  of  the 
objects  of  the  experiments  upon  the  resistances  of  models  of  various 
forms  which  I  am  now  conducting  for  the  Admiralty. 

By  these  experiments  I  hope  not  only  to  obtain  a  great  many  com- 
parisons, showing  at  once  the  superiorities  of  some  forms  over  others ; 
but  to  deduce  general  laws  by  which  the  influence  of  variation  of 
form  upon  wave-making  resistance  may  be  predicted.  Already,  indeed, 
some  most  instructive  propositions  concerning  the  operations  of  this 
cause  of  resistance  have  shaped  themselves;  but  it  would  take  iskt 
too  long  to  describe  them  in  this  discourse.  I  will  merely  refer  to 
one  broad  principle  which  underlies  most  of  the  important  peculiarities 
of  the  wave-making  element  of  resistance. 

We  have  seen  that  the  waves  originate  in  the  local  differences  of 
pressure  caused  in  the  surrounding  water  by  the  vessel  passing 
through  it ;  let  us  suppose,  then,  that  the  features  of  a  particular 
form  are  such  that  these  differences  of  pressure  tend  to  produce  a 
variation  in  the  water  level  shaped  just  like  a  natural  wave,  or  like 
portions  of  a  natural  wave,  of  a  certain  length. 

Now  an  ocean  wave  of  a  certain  length  has  a  certain  appropriate 
speed,  at  which  only  it  naturally  travels,  just  as  a  .pendulum  of  a 
certain  length  has  a  certain  appropriate  period  of  swing  natural  to  it. 
And  just  as  a  small  force  recurring  at  intervals  corresponding  to  tne 
natural  period  of  swing  of  a  pendulum  will  sustain  a  very  large 
oscillation,  so,  when  a  ship  is  travelling  at  the  speed  naturally  appro- 
priate to  ^e  waves  which  its  features  tend  to  form,  t^.e  stream-line 
forces  will  sustain  a  very  large  wave.  The  result  of  this  phenome- 
non is,  that  as  a  ship  approaches  this  speed  the  waves  become  of 
exaggerated  size,  and  run  away  with  a  proportionately  exaggerated 
amount  of  power,  causing  corresponding  resistance.  This  is  the 
cause  of  that  very  disproportionate  increase  of  resistance  experienced 
with  a  small  increase  of  speed  when  once  a  certain  speed  is  reached, 
an  instance  of  which  is  exhibited  at  a  speed  of  about  eighteen  knots 
in  the  curve  of  resistance  shown  in  Fig.  21. 
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We  thus  Bee  iliat  the  speed  at  which  the  rapid  growth  of  resistance 
will  commence,  is  a  speed  somewhat  less  than  that  appropriate  to  the 
length  of  the  wave  which  the  ship  tends  to  form.  Now,  the  greater 
the  length  of  a  wave  is,  the  higher  is  the  speed  appropriate  to  it ; 
therefore  the  greater  the  length  of  the  waves  which  the  ship  tends 
to  form,  the  higher  will  he  the  speed  at  which  the  wave-making 
resistance  begins  to  become  formidable.  We  may  therefore  accept  it 
as  an  approximate  principle,  that  the  longer  are  the  features  of  a  ship 
which  tend  to  make  waves,  the  longer  will  be  the  waves  which  tend  to 
be  made,  the  higher  will  be  the  speed  she  will  be  able  to  go  before 
she  begins  to  experience  great  wave-making  resistance,  and  the  less 
will  be  her  wave-making  resistance  at  anj  given  speed. 

This  principle  is  the  explanation  of  the  extreme  importance  of 
having  at  least  a  certain  length  of  form  in  a  ship  intended  to  attain  a 
certain  speed ;  for  it  is  necessary,  in  order  to  avoid  great  wave-making 
resistance,  that  the  "  wave  features,"  as  we  may  term  them,  should  be 
long  in  comparison  with  the  length  of  the  wave  which  would  naturally 
travel  at  the  speed  intended  for  the  ship. 

Time  will  net  admit  of  my  describing  to  you  in  detail  how  the 
principles  I  have  been  explaining,  affect  the  practical  question  of  how 
to  shape  ships.  I  must  leave  you  to  imagine  for  yourselves,  if  you 
feel  interested  in  following  up  the  question,  how  the  desirability  of 
length  of  "wave  features,"  for  lessening  wave-resistance,  is  to  a 
greater  or  less  extent  counteracted  by  the  desirability  of  shortness  of 
diip  for  lessening  surface-friction;  and  how  in  many  other  ways  a 
certain  variation  of  form,  while  it  is  a  gain  in  one  way  is  a  loss  in 
another,  so  that  in  every  case  the  form  of  least  resistance  is  a  com- 
promise between  conflicting  methods  of  improvement. 

My  principal  object  has  been  to  combat  the  old  fallacy  of  **  head- 
resistance,"  as  it  has  been  sometimes  called,  due  to  the  inertia  of  the 
water  acting  against  the  area  of  the  ship*s  way.  I  hope  I  have  made 
it  clear  to  you,  that  the  inertia  of  a  frictionless  fluid  could  offer  no 
opposing  force  to  a  submerged  body  of  any  shape  moving  through  it, 
for  that  the  forces  there  developed  by  the  inertia  against  the  body,  must 
of  necessity  push  it  forwards  exactly  as  much  as  they  push  it  back- 
wards, and  that  when  the  body  is  moving  through  a  frictional  fluid,  or 
when  it  is  moving  at  the  surface  of  a  fluid,  this  balance  is  only  more 
or  less  destroyed  through  the  operation  of  conditions  which  are  totally 
independent  of  the  area  of  midship  section  or  area  of  ship's  way. 

For  this  reason,  the  only  instances  I  have  time  to  give  you  of  the 
application  of  our  knowledge  of  the  causes  of  resistance  to  practical 
questions,  shall  be  directly  applicable  as  illustrations  of  the  fallacy 
of  the  midship  section  theory. 

Let  us  suppose,  that  Fig.  22  represents  the  respective  water-lines 
of  two  vessels  of  the  same  tonnage  but  of  different  proportions  of  length 
to  breadth.  Now  it  is  true  that  the  shorter  of  the  two,  when  fiie 
speed  of  the  wave  appropriate  to  its  wave  features  is  approached,  will 
experience  great  wave-making  resistance,  and  will  therefore  probably 
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ezperienoe  greater  total  resiBtanoe  than  the  longer  ship.    Bat  it  is 
certain  that  at  low  speecU  when  the  wave-making  resiBtanoe  of  both 


Fio.  22. 


s^.^.-^ 


ships  is  practicallj  nil,  the  shorter  ship  will  make  the  least  resistance, 
because  the  long  and  narrow  one  has  the  largest  area  of  skin,  and 
will  therefore  have  the  greatest  surface-friction  resistance.  Judging, 
however,  by  the  midship  section  theory,  we  should  have  erroneously 
concluded  that  the  short  and  broad  ship  would  make  the  greatest 
resistance  of  the  two  at  all  speeds. 

Next  let  us  take  the  two  ships,  whose  waterlines  are  shown  in 
Fig.  23.     It  may  be  seen  that  the  one  shown  in  dotted  lines  has  the 

Fio.  23. 


game  length,  and  the  same  sharpness  of  ends  as  the  other,  but  is  filled 
out  amidships  to  a  larger  cross  section.  On  the  midship  section 
theory,  this  one  would  clearly  have  the  greatest  resistance  of  the  two. 
Nevertheless,  in  the  trial  of  two  models  of  those  lines  it  appeared 
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that  at  the  higher  speeds,  the  form  with  the  largest  cross  section  made 
considerably  the  least  resistance.  The  explanation  of  this  lies  of 
coarse  in  the  fact  that  the  addition  amidships,  though  increasing  the 
displacement,  forms  a  prolongation  of  the  wave  features  of  the  two 
ends,  and  thus  lessens  the  wave-making  resistance. 

In  conclusion  let  me  again  insist,  and  with  the  greatest  urgency,  on 
the  hoi)eless  futility  of  any  attempt  to  theorise  on  goodness  of  form 
in  ships,  except  under  the  strong  and  entirely  new  light  which  the 
doctrine  of  stream-lines  throws  on  it 

It  is,  I  repeat,  a  simple  fact  that  the  whole  framework  of  thought 
by  which  the  search  for  improved  forms  is  commonly  directed,  consists 
of  ideas  which,  if  the  doctrine  of  stream-lines  is  true,  are  absolutely 
delusive  and  misleading.  And  real  improvements  are  not  seldom 
attributed  to  the  guidance  of  those  very  ideas  which  I  am  charac- 
terising as  delusive,  while  in  reality  those  improvements  are  the  fruit 
of  painstaking,  but  incorrectly  rationalised,  experience. 

I  am  but  insisting  on  views  which  the  highest  mathematicians  of 
the  day  have  established  irrefutably ;  and  my  work  has  been  to  appre- 
ciate and  adapt  these  views  when  presented  to  me.* 

No  one  is  more  alive  than  myself  to  the  plausibility  of  the  unsound 
views  against  which  I  am  contending ;  but  it  is  for  the  very  reason 
that  they  are  so  plausible  that  it  is  necessary  to  protest  against  them 
80  earnestly ;  and  I  hope  that  in  protesting  thus,  I  shall  not  be  re- 
garded as  assuming  too  dogmatic  a  tone. 

In  truth,  it  is  a  protest  of  scepticism,  not  of  dogmatism  ;  for  I  do 
not  profess  to  direct  anyone  how  to  find  his  way  straight  to  the  form 
of  least  resistance.  For  the  present  we  can  but  feel  our  way  cautiously 
towards  it  by  careful  trials,  using  only  the  improved  ideas  which 
the  stream-line  theory  supplies,  as  safeguards  against  attributing  this 
or  that  result  to  irrelevant,  or  rather,  non-existing  causes. 

*  I  cftnnot  pretend  to  frame  a  list  of  the  many  eminent  mathematicians  who 
originated  or  perfeoted  the  stream-line  theory ;  but  I  must  name  from  amongst 
them.  Professor  Bankinet,  Sir  William  Thomson,  and  Professor  Stokes,  in  order 
to  express  my  personal  indebtedness  to  them  for  information  and  explanations, 
to  whioh  chiefly  (however  imperfeotly  utilised)  I  owe  such  elementary  knowledge 
of  the  subject  as  alone  I  possess. 

[W.  F.] 
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WEEKLY  EVENING  MEETING, 

Friday,  May  19,  1876. 

Bib  Fsidbriok  Pollock,  Bart.  M.A.  Vice-President,  in  the  Chair. 

Chablsb  T.  Newton,  C.B. 

KRKPSB  OF  TBB  O&BKK  ASD  BOXAK  ANTIQDITIKS  IK  TBS  BHITrSR  MCSKUV. 

The  Recent  Discoveriea  at  Olympia, 

Thb  discourse  began  with  a  brief  notice  of  the  topography  of  the 
Olympian  plain  in  Elis,  in  the  Peloponnesus,  and  a  description  of  the 
nature  and  objects  of  the  ancient  Olympic  festival,  revived  by  Iphitus, 
King  of  Elis,  to  promote  harmony  in  Greece,  of  which  we  have  records, 
beginning  with  Uie  victory  of  Coroebus,  776  b.o.,  and  ending  with  its 
abolition  by  Theodosius,  aj>.  894.  The  games  included  races  on 
foot,  on  horseback,  and  in  chariots,  wrestling,  boxing,  and  other 
athletic  exercises ;  and  the  contests  were  open  to  free  Greeks  of  all 
ranks,  of  pure  Hellenic  blood,  an  Olympian  prize  being  to  them  the 
highest  honour  conceivable.  During  the  festival  a  sacred  armistice 
was  established  if  held  in  time  of  war ;  and  treaties  of  peace  were 
often  published  at  Olympia.  One  of  the  objects  was  military  training, 
to  enable  a  small  number  of  Greeks  to  resist  a  vast  number  of  foes ; 
but  the  chief  motive  was  undoubtedly  religious.  The  hymns  were 
more  in  honour  of  Zeus  than  of  the  victor  in  the  contests,  and  Pindar's 
odes  are  more  admonitory  than  laudatory. 

In  the  second  century  of  our  era  Olympia  was  visited  by  Pausanias, 
who  gives  in  his  'Itinerary'  a  most  interesting  description  of  the 
then  state  of  the  Temple  of  Zeus,  Phidias's  colossal  statue  of  the  god 
in  ivory  and  gold,  the  large  number  of  statues  of  victors,  with  edifices 
abounding  in  treasures  (occupying  a  space  of  about  a  square  mile), 
which  no  doubt  conduced  to  the  abolition  of  the  festival. 

After  alluding  to  the  visits  of  Chandler,  Leake,  and  Stanhope, 
Mr.  Newton  described  the  explorations  of  the  French  expedition  in 
1828,  when  the  site  of  the  temple  was  ascertained,  and  a  plan  made, 
of  which  he  exhibited  a  copy;  and  the  sculptures  then  discovered 
were  conveyed  to  the  Louvre.  At  the  part  where  the  French  left  off 
the  work  was  taken  up,  in  the  autumn  of  1875,  by  the  German  expe- 
dition, conducted  by  Messrs.  Hirschfeld  and  Bdtticher,  whose  dis- 
coveries have  been  of  transcendent  interest.  Some  of  these  were 
described  by  Mr.  Newton,  who,  in  company  with  Professor  Colvin, 
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lately  visited  the  spot  He  speciallj  commented  on  a  noble  but 
mntilated  statne  of  Victory,  most  probably  the  work  of  Psdonios,  a 
contemporary  of  Phidias,  of  which  a  description  is  given  by  Pausa- 
nias,  and  he  also  described  some  sculptures  of  the  Eastern  pediment 
of  the  temple,  stated  by  Pausanias  to  represent  the  preparation  for  a 
chariot-race  between  Pelops  and  (Enomaus,  King  of  Elis.  These  and 
many  of  the  torsos  found  are  of  very  unequal  merit,  and  proved,  as 
was  remarked,  that  the  decorations  of  the  Greek  temples  were  often 
committed  to  inferior  artists.  After  alluding  to  several  other  works, 
and  commenting  on  some  interesting  bronze  tablets,  with  inscriptions, 
recording  treaties  or  granting  civic  privileges,  the  discourse  con- 
cluded with  a  warm  tribute  of  gratitude  to  the  Germans  for  their 
noble  enterprise,  and  the  expression  of  a  confident  hope  of  still  more 
important  resultis. 
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WEEBliY  EVENING  MEETING, 
Friday,  May  26, 1876. 

William  Spottibwoodk,  Esq.  M.A.  LL.D.  F.RS.  Secretary  and 
Vice-President,  in  the  Chair. 

J.  Flktoheb  Moulton,  Esq. 

The  Verification  of  Modem  Scientific  Theories. 

The  speaker  began  by  calling  attention  to  the  rapid  advances  made  by 
science  in  recent  times  as  well  in  the  world  of  organic  as  of  inorganic 
matter.  This  advance  had  consisted  partly  of  the  discovery  of  a  vast 
number  of  isolated  scientific  truths,  and  partly  of  the  discovery  of  wide 
general  principles.  Such  is  found  to  be  the  case  in  any  age  that  is 
rich  in  discoveries ;  and  as  the  wide  general  principles  thus  arrived 
at  embrace  many  of  the  less  general  truths  previously  discovered  the 
people  in  such  an  age  have  the  choice  of  two  methods  of  demon- 
strating these  truths ;  the  one  by  direct  induction  from  facts  and 
experiments  specially  relating  thereto,  and  the  other  by  deduction 
from  some  wide  generalization  which  has  itself  been  established 
by  an  induction  proper  to  itself.  Different  minds  will  be  affected 
differently  by  the  two  processes,  accordingly  as  they  are  more 
keenly  alive  to  a  sense  of  general  or  of  special  harmony.  A 
parallel  is  to  be  found  in  the  two  rival  styles  of  mathematical 
teaching  so  well  exemplified  in  our  English  text-books— one  class  of 
text-books  prefer  to  prove  particular  theorems  by  special  proofs, 
each  of  which  is  applicable  to  its  own  theorem  alone,  while  the 
others  prefer  to  face  the  diflficulties  of  the  demonstration  of  general 
theorems  at  the  outset,  and  deduce  from  them  the  theorems  they  need 
as  particular  cases. 

The  fact  that  there  are  classes  of  minds  to  which  each  method 
is  in  turn  specially  convincing  makes  them  both  alike  necessary  and 
valuable  even  in  cases  where  either  would  be  sufficient  alone,  for 
in  science  our  aim  is  to  convince,  and  truths  are  often  arrived  at 
and  firmly  held  by  the  better  scientific  minds  long  before  the  evi- 
dence for  them  is  sufficient  to  render  their  demonstration  incon- 
testable. Such  cases,  i.  e.  of  truths  to  reject  which  is  not  insane 
but  only  stupid  and  unprofitable,  constitute  the  most  interesting 
part  of  science  in  every  age,  and  it  is  the  attitude  of  a  mind 
towards  these  nascent  discoveries  that  measures  its  enlightenment 
But  though  both  methods  are  useful  in  the  attainment  of  scientific 
truth,  the  one  that  seeks  to  deduce  particular  truths  from  general 
ones  is  the  one  to  which  we  should  ultimately  advance,  ana  is,  as 
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we  shall  see,  of  tea  greater  value  as  a  training  to  the  scientifio 
faculty.  It  is  thus  of  great  importance  that  we  should  go  over 
our  scientific  beliefs  from  time  to  time,  especially  just  after  some 
wide  generalization  has  been  made,  to  see  how  many  of  the  special 
truths  that  we  hold  are  instances  of  it  either  taken  alone  or  in 
combination  with  other  generalizations,  and  we  should  accustom 
ourselves,  so  far  as  is  possible,  to  use  these  great  fundamental 
truths  in  our  scientific  reasoning. 

This  review  of  the  grounds  of  our  beliefs  is  highly  useful  for 
another  reason.  There  is  a  very  remarkable  difference  between  the 
amount  of  evidence  demanded  by  the  mind  in  this  re-examination — 
this  verification — of  its  beliefs,  and  that  which  sufficed  to  convince  it 
at  first.  It  is  true  that  the  demonstration  may  need  to  be  stricter, 
but  in  many  cases  the  mind  is  rightly  less  exacting  in  its  require* 
ments  as  to  proof  than  it  was  at  first.  To  use  a  simile  that  is  justly 
somewhat  unsavoury  at  the  present  time,  a  new  theory  is  like  an 
unexpected  claimant  to  an  estate.  It  is  true  that  reflection  may  lead 
us  to  see  flaws  in  evidence  that  at  first  sight  api)eared  irrefragable, 
but  on  the  other  hand  it  may  be  that  we  shall  discover  that  we 
have  been  unjustly  incredulous.  In  such  cases  every  little  pecu- 
liarity is  counted  suspicious;  and  the  unfortunate  aspirant  is  re- 
quired to  explain  away  many  a  difficulty  which  makes  neither  for 
nor  against  his  claim,  and  he  is  refused  credence  tmtil  he  has  done 
BO.  Let  him,  however,  once  establish  his  claim  to  be  the  rightful 
heir,  and  let  people  become  accustomed  to  the  idea  of  his  being  so, 
and  they  straightway  begin  to  see  how  much  more  proof  they  r&* 
quired  than  was  sufficient  for  the  purpose,  and  half  the  evidence 
that  was  needed  to  win  the  estate  would  enable  him  to  hold  it. 
In  a  similar  way  it  will  be  found  that  some  of  the  greatest  dis- 
coveries of  this  age  will  be  considered  by  future  ages  to  have  been 
sufficiently  proved  by  less  evidence  than  that  which  now  is  con- 
sidered by  large  numbers  of  intelligent  men  to  leave  them  debatable 
questions. 

The  speaker  then  examined  the  recently  discovered  truths  which 
form  the  group  known  as  the  Conservation  of  Force  or  Energy.  These 
constitute  the  continuation,  or  we  might  almost  say  the  completion 
of  Newton's  work  on  matter  and  motion,  and,  together  with  the 
complementary  theorem  of  the  Dissipation  of  Energy,  they  give  the 
governing  laws  of  the  working  power  of  the  universe.  These  laws, 
as  now  ^own,  are  exact  quantitative  laws ;  they  are  universally  active, 
and,  in  fact,  all  phenomena  are  only  illustrations  of  their  working. 
Numberless  apparently  distinct  theorems  follow  directly  from  them, 
and  in  addition  they  constitute  the  most  valuable  check  to  the  cor- 
rectness of  our  hypothesizing,  and  must  sooner  or  later  be  the  final 
test  of  all  theories.  Their  universality  and  exactness  are  immediately 
useful  in  enabling  us  to  calculate  the  effect  of  forces  acting  on  a  scale 
immensely  greater  or  immensely  more  minute  than  that  on  which  they 
act  in  the  cases  that  usuaUy  come  under  our  notice,  and  of  which  we 
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have  experienca  Apart  from  some  such  guide  as  this,  it  would  be 
well-nigli  impossible  to  guess  the  effect  of  even  well-known  forces 
acting  on  a  wholly  nnaocnstomed  scale.  In  other  words,  when  the 
scale  on  which  a  force  acts  is  such  as  to  admit  of  the  disturbing  in- 
fluence of  the  feeling  of  wonder  in  oar  reasonings,  it  is  hopeless  to 
attempt  to  arrive  at  reliable  conclusions  by  processes  that  do  not  rest 
on  accurate  numerical  laws.  By  taking  the  problem  of  the  influence 
of  the  Gulf  Stream  on  climate,  the  new  theories  of  oceanic  circulation, 
and  the  controyersy  between  the  uniformitarian  afid  catastrophic 
schools  of  geologists,  the  speaker  contrasted  the  tmreliable  guesses  of 
earlier  theorists  with  the  distinct  utterances  of  these  universal  physical 
laws,  when  interrogated  in  a  right  manner,  and  investigated  the 
extent  of  the  verification  which  we  thus  obtain  for  our  modem 
theories  on  these  important  matters. 

Although  in  their  nature  these  laws  are  exact  and  quantitative,  yet 
the  problems  to  which  we  have  to  apply  them  are  often  too  compli- 
cated to  permit  of  our  making  use  of  &em  in  this  their  most  com- 
plete form,  and  we  are  compelled  to  content  ourselves  with  drawing 
conclusions  from  them  as  to  the  general  phenomena  that  characterize 
the  processes  of  change  in  nature.  For  this  they  are  eminently 
suited,  inasmuch  as  they  are,  so  &r  as  we  can  ascertain,  universal  both 
in  space  and  time,  and  have  been  the  shaping  laws  of  the  universe 
during  the  whole  of  its  existence.  It  is  from  them  alone  that  we 
derive  information  about  the  earliest  form  of  the  earth,  and  its  con- 
dition and  history  during  those  ages  whose  geologic  record  is  too 
blurred  by  time  to  be  any  longer  legible.  Examples  of  this  applica- 
tion of  these  .laws  are  to  be  found  in  Laplace's  Nebular  Hypothesis, 
and  in  the  more  definite  conclusions  of  Sir  William  Thomson  as  to 
the  Plutonic  history  of  the  earth.  So  usefol  are  they  for  purposes 
such  as  this,  that  by  their  aid  we  speedily  arrive  at  a  genend  know- 
ledge of  the  types  of  change  that  will  most  frequently  present  them- 
selves in  the  universe ;  and  in  this  way  we  arrive  at  a  scientific 
measure  of  the  probability  of  theories,  and  are  enabled  to  determine 
how  great  or  how  small  an  amount  of  evidence  will  be  needed  to  sup- 
port them.  Apparent  strangeness  is  no  longer  a  ground  for  rejecting 
a  theory ;  its  crodibility  is  measured  by  its  harmony  with  some  one 
of  the  prevailing  types  of  change ;  and  we  have  thus  taken  a  further 
step  towards  freeing  ourselves  from  the  disturbing  influence  of  unen- 
lightened wonder — the  faculty  which  is  the  most  detrimental  of  all  to 
scientific  thought,  and  the  greatest  hindrance  to  scientific  progress. 
This  determination  of  the  amount  of  evidence  necessary  to  support 
a  Theory  may  be  considered  as  an  indirect  verification  (though  an 
incomplete  one)  of  all  such  theories  as  are  shown  thereby  to  be 
highly  probable,  even  in  the  absence  of  direct  evidence  for  them. 

Such  considerations  as  these  have  led  some  eminent  philosophers 
to  believe  that  we  can  arrive  at  secondary  laws  of  change,  by  the  aid 
of  which  we  shall  be  able  in  all  cases  to  foretell  the  course  of  de- 
velopment without  going  back  to  the  fundamental  laws.     This  the 
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speaker  held  to  be  an  error.  No  such  secondary  laws  have  been 
arrived  at  indnctiyely,  and  none  can  be  obtained  dedactively,  so  far  as 
we  are  able  to  see  at  present ;  those  proposed  are  vague  and  nnmean- 
ingy  and  no  interpretation  that  can  be  given  to  them  will  enable  them 
to  stand  the  test  of  a  rigorons  examination.  Nor  is  this  failure  to  be 
wondered  at  The  most  marked  characteristics  of  any  special  type  of 
change  are  often  less  directly  the  consequences  of  the  fundamental 
laws  that  ultimately  govern  the  change,  as  of  the  special  circumstances 
that  distinguish  the  cases  in  which  it  occurs.  The  most  remarkable 
instance  of  this  is  to  be  found  in  the  class  of  problems  that  relate  to 
living  things.  We  do  not  doubt  that  the  laws  of  physics  and  chemistry 
are  ultimately  as  supreme  over  the  organic  world  as  they  are  over  the 
inorganic ;  but  it  would  be  very  unwise  to  approach  the  one  solely 
through  the  other,  or  to  expect  the  prevalence  of  the  same  types  of 
change  in  both.  The  special  circumstances  which  make  life  possible, 
and  those  in  connection  with  which  it  alone  occurs,  entail  conse- 
quences which  are  much  more  evident,  and  influence  to  a  much  greater 
degree  the  prevailing  types  of  change  than  do  the  great  laws  of 
physics,  considered  in  their  most  general  and  abstract  form.  No 
further  illustration  of  thip  is  needed  than  the  fact  that  one  of  the  most 
important  laws  of  all  organic  life  is  heredity,  to  which  no  trace  of  a 
sound  analogy  can  be  found  in  all  the  universe  of  inorganic  matter ; 
eveiy  proposed  analogy  turns  out  on  examination  to  be  false  and 
delusive.  If  then  so  important  a  shaping  law  of  organic  nature  is 
exclusively  confined  to  it,  it  must  be  thatr  in  living  things  we  have 
so  peculiar  a  type  of  phenomena,  that  the  peculiarities  of  the  type 
have  more  dix^t  influence  on  its  laws  of  change  than  have  the 
fundamental  laws  that  ultimately  govern  all  change  of  whatever 
kind  it  be.  So  far  then  from  seeking  to  find  secondary  laws  of 
change  common  to  the  two,  we  shall  do  wisely  to  keep  as  distinct  as 
possible  our  investigations  into  the  laws  of  organic  and  inorganic 
nature,  and  to  view  with  suspicion,  as  being  probably  accidental 
and  Buperficiid,  any  striking  resemblances  or  fuialogies  between  their 
governing  laws ;  and  the  speaker  then  proceeded  to  point  out  the 
special  circumstances  which  are  essentiiJ  to  the  existence  of  life, 
and  which  make  it  improbable  that  the  difficulties  of  biology  will 
be  successfully  approached  firom  the  side  of  physics  or  chemistry. 

The  speaker  Uien  drew  attention  to  the  fundamental  laws  which 
in  the  case  of  life  take  the  place  of  those  laws  of  physics  which  he 
had  been  discussing,  and  analyzed  the  process  of  venfication  of  the 
Descent-Theory  when  we  start  from  these  laws.  He  showed  that 
the  truth  of  this  theorv  is  an  immediate  corollary  from  one  or  two 
fiicte  which  physics  and  geology  tell  us  about  the  history  of  the  earth 
in  the  past,  coupled  with  what  we  know  of  the  laws  of  change  of  the 
organic  world.  The  amount  of  evidence  necessary  to  osteblish  this 
theoiy  was  greatly  exaggerated  at  first  This  error  is  to  be  traced  to 
two  causes  :  in  the  first  place,  Mr.  Darwin,  to  whom  the  triumph  of 
the  theory  is  due,  had,  as  the  object  of  his  great  work  on  the  (higin 
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of  Species,  the  establishment  of  another  and  totally  distinct  theory, 
i.  e.  that  the  development  that  accompanied  this  descent  was  primarily 
due  to  Natural  Selection.  The  two  theories  have  thus  become  so 
identified  in  the  minds  of  most  people,  that  they  confound  the  amount 
of  evidence  requisite  to  prove  the  fact  of  the  descent  of  our  present 
world  of  animated  nature  from  simple  organisms,  with  that  requisite 
to  settle  the  infinitely  more  difficult  question  of  the  forces  that  have 
guided  and  modified  it  during  the  process  of  that  descent.  And 
secondly,  the  novelty  of  the  theory  has  caused  the  world  to  over- 
estimate the  amount  of  evidence  requisite  to  establish  it,  as  might 
have  been  expected  from  the  considerations  dwelt  upon  at  the  com- 
mencement of  the  lecture. 

The  attempt  to  verify  the  theory  which  more  peculiarly  belongs 
to  Mr.  Darwin,  i.e.  that  of  the  part  played  by  natural  selection  in 
evolution,  leads  to  very  different  results  to  the  above,  though  it 
soon  becomes  evident  that  natural  selection  has  had  a  most  important 
influence  in  directing  development  Any  attempt  to  estimate  how 
large  a  part  it  has  played,  necessarily  implies  that  we  have  either 
some  quantitative  estimate  of  its  effects,  or  that  we  have  obtained  a 
knowledge  of  some  of  the  fundamental  laws  of  organic  life  in  their 
exact  and  quantitative  form.  Without  some  such  knowledge  as  this, 
any  attempt  to  arrive  at  the  accumulated  effect  of  natural  selection 
during  millions  of  years,  is  mere  guess-work,  and  is  made  under 
circumstances  which,  ad  we  have  seen,  are  specially  likely  to  induce 
error,  through  the  opportunity  they  give  for  the  disturbing  influence 
of  the  highly  unscientific  faculty  of  Wonder.  No  such  quantitative 
estimate  has  ever  yet  been  made,  nor  indeed  are  we  at  present 
prepared  for  it,  for  we  are  still  so  ignorant  of  the  laws  of  varia- 
bility, or,  in  other  words,  our  enunciation  of  the  law  of  heredity 
is  still  so  imperfect,  that  we  cannot  hope  speedily  to  arrive  at  sotmd 
conclusions  as  to  the  effect  of  the  combined  action  of  that  variability, 
and  the  selective  influence  of  the  struggle  for  existence ;  in  fact,  it 
is  not  too  much  to  say  that  but  a  very  small  portion  of  the  problem  of 
development  can  be  considered  as  solved ;  the  greater  part  of  it 
has  perhaps  not  yet  been  enunciated.  The  crowning  merit  of  Mr. 
Darwin's  discovery,  and  the  cause  of  our  especially  keen  feeling 
of  gratitude  to  him,  is  that  he  has  solved  the  part  that  troubled 
us  most.  Up  to  his  time  the  peculiar  adaptations  so  common  in 
the  world  of  life  were  supposed  to  be  beyond  the  power  of  the 
blind,  purposeless  laws  of  nature  to  effect ;  and  he  was  the  first 
to  show  that  this  apparent  motivation  might  be  caused  by  natural 
laws,  without  the  interference  that  the  teleologist  asserted  to  be 
necessary. 

[J.  F.  M.J 
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WEEKLY  EVENING  MEETING, 

Friday,  June  2,  1876. 

WiLUAM  Bowman,  Esq.  F.B.S.  Manager,  in  the  Chair. 

Pbofessob  Eosooe,  Ph.D.  F.RS. 

Beceni  Discoveries  about  Vanadium, 

The  name  Yanadinm,  from  Yanadis,  a  designation  of  the  Scandinavian 
goddess  Freia,  was  given  by  the  Swedish  chemist  Sefstrdm  to  a  new 
metal  obtained  for  the  first  time  by  him  in  the  most  minute  quantities 
in  the  year  1830. 

From  that  time  up  to  1868  our  knowledge  respecting  the  habits 
and  proclivities  of  vanadiimi  was  derived  entirely  from  the  one 
research  of  Berzelius,  so  that  its  relations  to  the  other  elements  were 
but  ill  understood.  In  the  above  year  the  speaker  brought  before  a 
Boyal  Institution  audience*  the  fact  that  this  metal  which  had 
hitherto  been  wandering  astray  amongst  her  fellow  elements  had  at 
last  been  brought  under  the  civilizing  influences  of  law  and  order,  so 
that  now  she  occupies  a  well-recognized  position,  and  is  looked  upon 
as  a  settled  member  of  the  society  to  wluch  she  is  acknowledged  to 
belong. 

One  of  the  most  important  aids  which  the  chemist  possesses  in  the 
classification  of  the  elements  is  the  doctrine  of  isomorphism.  Thus 
the  analogy  and  family  likeness  between  the  elements  phosphorus, 
arsenic,  and  vanadium,  is  pointed  out  in  the  isomorphism  of  the 
minerals  pyromorphite,  mimetesite,  and  vanadinite,  all  of  which 
crystallize  in  hexagonal  prisms,  terminated  with  hexagonal  pyramids 
having  the  same  angles  and  the  same  relative  length  of  axes. 

In  the  year  1868  the  fact  was  ascertained  that  the  chemical  con- 
stitution of  the  vanadium  compounds  assigned  to  them  by  their  first 
investigator,  Berzelius,  did  not  accord  with  that  which  their  crystallo- 
graphic  relations  required.  Thus  whilst  to  the  highest  oxides  of 
phosphorus  and  arsenic,  contained  respectively  in  the  isomorphous 
minerals  pyromorphite  and  mimetesite,  the  formula  Tfi^  and 
AsgOo  had  been  given  by  common  consent,  the  formula  which, 
according  to  Berzelius,  denotes  the  constitution  of  the  highest  and  the 
corresponding  oxide  of  vanadium  is  YtOa .  Here  then  we  have  either 
to  do  with  an  exception  to  the  law  of  isomorphism,  or  the  experimental 
conclusions  of  Berzelius  are  incorrect. 

On  the  occasion  above  referred  to,  the  speaker  stated  that  the  key 

♦  Friday,  February  14, 1868:  *  Proceedings/  vol.  v.  p.  287. 
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to  the  enigma  had  been  obtained,  inasmuch  as  it  had  been  shown  that 
Berzelius  had  overlooked  the  existence  of  two  additional  atoms  of 
oxygen  in  the  highest  oxide  of  yanadinm  to  which,  therefore,  the 
formula  VjOa  must  be  given  instead  of  VjO, .  According  to  Ber- 
zelius the  atomic  weight  of  vanadium  is  67 '8,  and  the  highest 
oxide,  VjO,,  has  a  molecular  weight  of  182*  6.  If,  however,  two  more 
atoms  of  oxygen  really  occur  in  this  oxide,  and  if  the  substance 
supposed  by  Berzelius  to  be  a  metal  is  in  fact  an  oxide,  we  must 
subtract  16,  or  the  weight  of  one  atom  of  oxygen,  from  67*8,  and  we 
get  51-8  as  the  true  atomic  weight  of  the  metal.  This  then  proves 
the  analogy  of  vanadium  (V  =  61  •  3)  with  phosphorus  (P  =  81) 
and  with  arsenic  (As  =  75),  and  thus  explains  the  observed  isomor- 
phism in  the  series  of  minerals  above  referred  to. 

The  speaker  then  reminded  his  audience  that  vanadium  is  the 
fourth  substance  supposed  by  its  discoverer  to  be  a  metal  which  had 
recently  been  shown  to  be  a  compound  body. 


TitaDluiiL 


Wollaston..  1823 
Wohler      ..  1849 


Uranitun. 


Klaproth   ..   1789 
Peligot      ..   1849 


Niobiam. 


Vanadimn. 


/Hatchett   ..  1801    /Sef8tromand\|Qo, 

\Rofle    ..  1842-64   \    BeraeliuB  /^^^ 

Marignao  ..  1865  I  Boeooe       ..  1867 


Further  research  only  tends  to  prove  more  conclusively  the 
striking  analogy  between  vanadium  and  the  other  members  of  the 
triad  group  of  elements.  Thus  we  now  know  that  the  elements  can 
be  grouped  according  to  a  natural  system  in  families,  and  vanadium 
wiw  the  new  atomic  weight,  fits  exactly  into  the  system,  being  placed 
between  phosphorus  and  arsenic,  and  near  to  the  analogous  elements 
chromium  and  niobium,  whereas  when  BerzeHus's  atomic  weight  is 
employed  these  relations  are  altogether  ignored.  This  relation  is 
seen  in  the  following  table. 

Table  bhowikg  the  Groufino  of  some  of  the  Elementb  (Mendelejeff). 


Monads     .. 

F 
19 

a 

35-5 

.. 

Br 
80 

.. 

I 
127 

,, 

,, 

Dyads 

0 
16 

8 
32 

.. 

6e 
79-5 

.. 

Te 
128 

.. 

.. 

IWads       .. 

N 
14 

P 
81 

V 
51-3 

Ab 
75 

Nb 
94 

Sb 
122 

182 

Bl 
210 

Tetrads      .. 

C 
12 

81 
28 

Ti 
50 

.. 

Zr 

89-6 

8n 
118 

.. 

.. 

Hexads 

•• 

** 

Cr 
52-4 

Mo 
96 

w 

184 

n 

240 
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In  many  other  respeots  the  dose  analogy  between  vanadiom  and 
phosphorus  has  been  confirmed.  Thus  the  speaker  has  shown  that  the 
salts  of  Yanadic  acid,  like  the  salts  of  phosphoric  add,  are  capable  of 
existing  in  three  distinct  series,  the  ortho-salts,  the  pyro-salts  and  the 
meta-salts.  The  analogous  composition  of  these  salts  is  dearly  shown 
in  the  following  table. 

Ptkoephatefl.  YaDadfttes. 

(Ns,PO,  ..  ..  Ns,VO, 
pe.(p6^,  ..   ..  Pb,(v6j. 

INa^.O,  ..  ..  Na^V.O, 
^:S;  ::  :;  ^^€' 
Pb,P,0,        .,     ..    Pb,V,0, 


Meta-Salta 


{ 


NaPO,  ..      ..     NaVO, 

NH,PO,        ..      ..     NH^VOa 


The  three  series  of  phosphates  and  vanadates  do  not,  however, 
agree  in  order  of  stability.  Thus  it  is  well  known  that  the  tri-basio 
phosphoric  add  and  the  soluble  ortho-phosphates  are  more  stable  than 
the  members  of  the  pyro-series,  and  these  again  more  stable  than  the 
meta-compounds.  lii  the  case  of  the  vanadates  the  order  is  reversed, 
for  at  the  temperature  of  boiling  water  the  soluble  ortho-vanadates 
split  up  into  the  pyro-salt  and  free  caustic  soda,  thus  : 

2(Na,V0J  +  H,0  =  Na^V.O,  +  2NaOH. 

Whilst,  again,  the  pyro-salts  are  readily  decomposed  by  the  weakest 
adds  such  as  carbonic  acid  with  formation  of  the  mota-salt  and  a 
carbonate,  thus : 

Na,V  A  +  CO,  =  2NaV0,  +  Na,CX),. 

Another  proof  of  the  comparatively  greater  stability  of  the  meta- 
compoun^  is  found  in  the  fact  that  meta-vanadic  acid  HYO,  has 
recently  been  prepared  by  Dr.  Gerland.  It  has  recently  been  stated 
by  M.  Antony  Guyard*  that  the  substance  supposed  to  be  meta- 
vanadic  acid  is  an  ammonium  salt.  The  speaker  in  consequence  had 
carefully  analyzed  a  sample  prepared  by  Dr.  Gerland,  which  gave  the 
following  results,  proving  that  this  assertion  is  incorrect,  and  that 
meta-vanadic  add  really  exists : 

(1)  0-1110  substance  dried  at  100°  yielded  on  ignition  0-0983 

VA- 

(2)  0  *  2713  of  the  same  substance  after  continued  washing,  dried 
at  100°  yielded  on  ignition  0-2435  V^- 

Hence  we  have : — 

CalcaUted,  (1)'''*'*^(2) 

Percentage  of  V.O,      ..     ..     9105     ..     8857      8984 

•  *  Bull.  8oe.  Chim.'  xxv.  356. 
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It  is  a  most  remarkable  snbstanoe — a  yellow  solid  body  crystallizing 
in  bright  golden  plates,  which  have  so  bright  a  lustre  and  are  so 
permanent  in  the  air  that  they  may  possibly  be  used  as  a  substitute 
for  gold-leaf  in  gilding.  Ortho-vamidic  acid  H,Y04  ^nd  pyro-ranadic 
acid  K^YJO^  have  not  as  yet  been  isolated. 

In  many  of  their  physical  as  well  as  their  chemical  properties  the 
vanadium  and  phosphorus  compotmds  exhibit  a  close  analogy.  Thus 
Gladstone  *  has  shown  that  the  specific  refractive  energy  for  phos- 
phorus (as  deduced  from  the  refractive  indices  of  POGI9)  is  0  *  361, 
whilst  that  of  vanadium,  deduced  from  YOCls ,  is  0  *  494.  If  vanadium 
were  an  ordinary  metal  having  the  atomic  weight  51*2,  we  should 
expect  its  refractive  energy  to  be  only  about  0*18.  Hence  it  is 
entirely  thrown  out  of  the  group  of  the  heavy  metals,  and  brought 
into  the  group  of  one  of  the  most  refractive  and  dispersive  bodies, 
viz.  phosphorus. 

In  the  same  way  the  atomic  volumes  of  the  corresponding  oxy- 
chlorides  POClj  and  VOCls  have  been  i^own  by  Thorpe  f  to  stand 
in  the  same  relation  to  each  other  as  the  atomic  volumes  of  the 
tetrachlorides  of  silicon  and  titanium  do  to  one  another.  Thus  the 
difference  both  in  molecular  weight  and  specific  volume  is  in  both 
cases  nearly  constant 

POOl,  ..      ..     198-38  \  20.05  101-58  \  .^^ 

VOa,  ..      ..     173-73  /  20  35  ^^,^  j  4  96 

SiCU     ..      ..     169-94  \  o,.go  12113  \  .^ 

TiCl^    ..      ..     191-84  f  ^^^         126-03  /  *  ^ 

Hence  it  appears  that  the  constitution  of  vanadyl  trichloride  is  similar 
to  that  of  pnosphoryl  trichloride,  and  that  vanadium  is  to  be  repre- 
sented as  a  triad,  the  oxygen  having  the  specific  volume  of  7*8 
assigned  by  Eopp  to  that  element  when  attached  by  one  combining 
unit  only. 

The  close  relationship  exhibited  between  vanadium,  phosphorus, 
and  arsenic,  is  clearly  shown  by  the  very  peculiar  poisonous  action  of 
the  vanadium  copipounds  on  the  animal  system.  A  most  careful  and 
extended  series  of  experiments  on  this  subject,  made  by  Mr.  John 
Priestley,  in  Jhe  Owens  Ck)lle^e  physiological  laboratory,  under 
Professor  Arthur  Gamgee's  superintendence,  hsLB  yielded  the  following 
results.  The  poisonous  effects  of  vanadium  are  indicated  by  paralysis 
of  motion ;  convulsions,  local  and  general ;  drowsiness  or  indifference 
to  external  circumstances;  congestion  of  the  alimentary  mucous 
membrane ;  discharge  of  sanguinolent  fieces  ;  presence  of  glairy  fluid 
mucus  in  the  intestine ;  certain  changes  in  respiration,  and  coinci- 
dently  a  fall  in  temperature.  The  effects  which  vanadium  exerts 
upon  the  respiration  are  at  first  an  acceleration,  then  a  retardation, 
and  ultimately  an  arrest  of  respiration,  due  to  an  action  of  the  poison 

♦  *  Phil.  Trans.*  1870.  f  *  Proc.  Roy.  Soc/  xxiv.  284. 
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on  the  respiratory  oentre  situated  in  the  mednlla  oblongata,  and  which 
is  at  first  stimulated,  but  afterwards  paralyzed. 

The  oircnlation  is  also  notably  affected  by  vanadium,  which  pro- 
daces  a  fall  in  the  blood  pressure,  and  an  int^mittanoe  or  stoppage  of 
the  heart's  action.  This  first  action  is  partly  due  to  a  paralysis  of 
the  yaso-motor  centres,  the  second  to  a  direct  poisonous  action  which 
vanadium  compounds  exert  upon  the  intrinsic  nervous  apparatus  of 
the  heart  These  results  point  to  a  close  relationship  between  the 
poisonous  action  of  arsenic  and  vanadium,  and,  therefore,  go  to 
establish  a  physiological  as  well  as  a  chemical  resemblance  between 
these  two  metals.  From  experiments,  which  are  as  yet  unpublished, 
but  the  results  of  which  have  been  kindly  communicated  to  the 
speaker  by  Dr.  Arthur  Gamgee,  it  appears  that  although  the  physio- 
logical action  is  in  kind  apparently  the  same  in  the  case  of  the 
different  vanadium  compotmds,  yet  the  intensity  of  the  poisonous 
activity  is  influenced  by  the  nature  of  the  compound,  and  this 
relationship  in  the  case  of  the  vanadium  compounds  and  of  the 
phosphorus  compounds  appears  to  be  a  very  close  one.  Thus,  if 
we  examine  the  comparative  poisonous  and  lethal  actions  of  the 
salts  of  ortho-  and  meta-  and  pyro-vanadic  acids,  we  find  that  the 
poisonous  activity  is  least  in  the  case  of  the  first,  and  greatest  in  that 
of  the  third  of  these  compounds.  A  subsequent  examination  of  the 
poisonous  action  of  the  corresponding  phosphoric  acids  has  exhi- 
bited the  remarkable  fact  that  whilst  the  ortho-phosphates  appear 
to  be  inert,  the  pyro-phosphates  are  almost  as  poisonous  as  arsenic 
compounds. 

The  speaker  had  recently  been  able  to  forge  l^till  closer  in  another 
direction  the  links  connecting  vanadium  with  the  older  members  of 
the  triad  group,  by  the  discovery  of  a  new  vanadium  mineral,  which 
forms  the  third  member  of  the  following  series  of  phosphorus,  arsenic, 
and  vanadium  compounds,  all  of  which  doubtless  crystallize  in  the 
same  form,  and  certainly  have  an  analogous  chemical  composition. 
To  the  new  mineral  the  name  of  Mottramite,  from  the  locality  where 
it  was  fij^t  obtained,  has  been  given,  and  the  complete  series  is : 

Dihydrite      Cu,P,0.  +  2  Cu(OH), 

Eriuite OujASjO, -f- 2  Cii(OH), 

Mottramite (CuPb),V,0,  +  2  (CuPb)  (OH), 

A  second  new  vanadium  mineral  has  lately  been  discovered  by 
Dr.  James  Blake,  of  San  Francisco,  and  analyzed  by  the  speaker.  It 
is  a  very  interesting  substance,  and  contains  28  per  cent,  of  vanadic 
acid  combined  with  alumina,  potash,  and  silica.  The  formula  of 
this  mineral,  to  which  Dr.  Blake  proposes  to  give  the  name  of 
Boscoelite,  is : 

4  Ar"V04  +  K^Si,©,.  +  H,0. 

It  is  a  greenish  talc-like  mineral  found  in  a  gold  mine,  serving  as 
a  matrix  for  the  gold ;  it  occurs  in  small  bunches,  filling  cavities  in  a 
schistose  porphyry. 
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It  is  not,  however,  so  mnoh  in  relation  to  other  elements  that 
yanadiom  is  interesting,  as  by  virtue  of  the  remarkable  properties 
which  the  metal  itself  possesses.  Thus  the  lowest  stage  of  oxidation 
which  the  element  can  assume,  viz.  YjOf^  is  a  powerful  reducing 
agent,  bleaching  indigo  by  reduction  almost  as  quickly  as  chlorine 
does  by  oxidation.  On  allowing  the  solution  thus  bleached  to  stand, 
the  hypovanadous  salt  at  once  takes  up  oxygen  from  the  air,  and 
indigo  blue  appears  again.  On  the  other  hand,  the  highest  oxide 
YaOs  parts  with  its  oxygen  readily,  and  is  easily  reduced  by  organic 
matter  to  a  lower  oxide ;  acting  in  this  respect  like  the  highest  oxide 
of  chromium  CrO,. 

This  property  of  vanadic  acid  enables  this  substance  to  be  employed 
in  photography.*  If  gelatine  be  mixed  with  sodium  divanadate,  and 
the  film  tmequally  exposed  to  light,  the  portions  strongly  insolated 
become  slightly  less  soluble  in  warm  water  than  the  non-exposed 
portion,  so  that  it  is  possible  to  print  from  such  a  film.  Again, 
if  paper  which  does  not  contain  any  animal  size  is  coated  with  a 
solution  of  sodium  ortho-vanadate  and  then  exposed  to  light,  the 
portion  insolated  assumes  a  dark  tint  dependent  upon  the  length 
of  exposure  and  the  strength  of  the  solution  employed.  If  the  paper 
thus  prepared  be  immersed,  after  exposure,  in  a  solution  of  silver 
nitrate,  &e  colour  in  the  exposed  part  instantly  changes  to  a  dark 
brown  or  black  colour,  doubtless  due  to  the  reduction  of  the  silver 
salt  by  the  vanadous  compound  formed  in  the  paper.  Paper  thus 
prepared  may  be  used  for  photographic  printing.  The  unexposed 
portions  of  die  print  are  in  this  process  coated  with  yellow  silver 
ortho-vanadate ;  but  this  can  be  completely  removed  by  ammonia  or 
by  sodium  hyposulphite.  Silver  ortho-vanadate  is  capable  of  forming 
a  latent  image,  like  the  chloride  or  bromide,  and  this  may  be  developed 
by  the  ordinary  ferrous  developer.  Two  or  three  minutes'  exposure 
to  sunlight  is  needed.  In  the  development  little  or  no  silver  nitrate 
must  be  present 

By  fkr  the  most  important  and  interesting  application  of  vanadium 
is,  however,  that  recently  suggested  for  the  preparation  of  a  permanent 
black  whid)  is  now  largely  coming  into  use  amongst  dyers  and  calico 
printers,  and  is  already  extensively  employed  as  a  permanent  marking 
ink. 

Of  the  commercial  value  of  a  permanent  rich  black  dye  it  is 
difficult  for  the  uninitiated  in  such  matters  to  form  an  idea.  Suffice  it 
to  say  that  it  is  very  great.  We  must,  however,  remember  that  this 
application  of  vanadium  is  only  in  its  infancy,  and  whether  the 
vanadium  black  will  realize  all  the  requirements  of  practice  is  a  ques- 
tion which  can  only  be  settled  by  long  and  patient  inquiry ;  still  it 
has  already  so  far  proved  a  success  tibat  we  may  look  forward  with 
confidence  to  its  future. 

It  is  not  at  first  sight  easy  to  understand  how  a  rare  substance  like 

*  This  proposal  waa  first  made  by  Mr.  James  Qibbons  in  1874. 
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yanadinm,  the  price  of  which  not  long  ago  was  la.  6d.  per  grain,  and 
which  even  now  cannot  be  obtained  for  less  than  ^.  a  grain,  can  be 
employed  for  the  production  of  a  bLick  coloor,  which,  if  not  cheap  and 
able  to  compete  with  the  other  common  dyes,  is  of  conrse  useless  in  a 
practical  and  commercial  point  of  view. 

In  order  to  understand  the  possibility  of  the  technical  application 
of  one  of  Nature's  rarest  gifts,  the  history  of  the  preparation  of 
aniline  black  must  be  noticed.  The  splendid  red,  crimson,  yiolet,  green, 
and  blue  colours  which  are  obtained  from  aniline  are  now  universally 
known  and  appreciated,  and  their  wide-spread  manufacture  serves  as  a 
striking  illustration  of  the  value  of  original  scientific  investigation. 
It  is,  however,  not  so  generally  known  that  not  only  the  bright  and 
gay  colours,  but  also  sombre  browns  and  jetty  blacks — by  far  the 
most  valuable  because  by  &r  the  most  generally  used  of  colours — can 
be  obtained  from  aniline. 

In  the  year  1860,  Mr.  John  Lightfoot,  calico  printer,  of  Accring- 
ton,  applied  to  the  processes  of  calico  printing  a  black  colouring 
matter  which  had  been  previously  obtained  in  the  manu&cture  of  mauve 
from  aniline  by  Messrs.  Boberts,  Dale  and  Oo.,  of  Manchester. 

This  black  colouring  matter  is  invariably  formed  when  either 
aniline  or  toluidine,  or  mixtures  of  these  two  substances,  are  sub- 
jected to  oxidizing  actions ;  but  in  spite  of  several  researches  which 
have  recently  been  published  on  aniline  black,  we  are  as  yet  unac- 
quainted wiih  its  chemical  formula,  nor  indeed  can  we  say  that  it 
even  possesses  a  constant  chemical  composition. 

In  order  that  a  colouring  matter  shall  be  fixed  or  permanent,  it 
must  be  fastened  in  some  way  to  the  fibre  of  the  cloth.  In  the  case 
of  cotton  this  is  generally  effected  (1)  either  by  the  precipitation  of 
the  soluble  colouring  matter  in  the  fibre  by  means  of  a  mordant 
which  forms  an  insoluble  compound  termed  a  lake  with  the  colour,  as 
in  madder  dyeing  and  steam-colour  printing ;  or  (2)  by  the  fixation 
of  the  colour  by  means  of  albumen,  as  in  pigment  printing ;  or  (8) 
by  the  gradual  oxidation  and  consequent  precipitation  of  the  colouring 
matter  in  the  fibre,  as  in  indigo  printing.  It  is  to  this  latter  class  of 
processes  that  aniline-black  dyeing  or  printing  belongs ;  for  the  aniline 
salt  under  the  action  of  certain  oxidizing  agents  passes  more  or  less 
quickly  from  the  condition  of  a  colourless  solid  readily  soluble  in 
water,  into  that  of  a  black  amorphous  insoluble  powder  not  to  be  dis- 
tinguished at  first  sight  from  soot.  Hence  if  the  cloth  can  be  impreg- 
nated with  the  aniline  and  with  the  oxidizing  agent  at  the  same  time, 
and  if  the  process  of  oxidation  can  be  allowed  to  go  on  in  the 
fibre,  the  black  will  be  formed  and  will  be  permanently  fixed  in  the 
fabric. 

Many  oxidizing  agents,  such  as  chlorine,  ozone,  or  electrolytio 
oxygen,  have  the  power  of  transforming  aniline  into  this  black 
pigment  In  most  cases  a  high  temperature  is  needed  for  this 
purpose.  Thus,  for  instance,  if  aniline  is  heated  with  chlorate  of 
sodium,  and  if  then  hydrochloric  acid  be  carefully  added,  a  deep  black 
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almost  solid  mass  is  produced.  In  order,  howeyer,  that  the  process 
may  be  employed  in  dyeing  and  calico  printing,  it  is  absolutely 
necessary  to  avoid  high  temperatures  as  well  as  the  action  of  strong 
acids,  because  when  exposed  to  these  the  cloth  invariably  is  rotted  or 
becomes  '*  tender."  If  a  mere  miztare  of  aniline  salt  and  chlorate  of 
potash  be  heated  strongly  enough,  the  black  is  formed ;  bat  the  heat 
necessary  to  produce  the  colour  is  sufficient,  together  with  the  hydro- 
chloric acid  which  is  at  the  same  time  liberated  by  the  decomposition, 
to  make  the  cloth  rotten,  and  therefore  to  render  this  process  useless. 

It  was  found  by  Lightfoot  that  if  an  addition  of  4  ounces  of 
nitrate  of  copper  solution  was  made  to  the  pound  of  aniline  and 
to  the  chlorate,  the  oxidation  of  the  aniline  went  on  at  a  lower 
temperature  than  when  the  copper  salt  was  absent,  and  hence,  when 
carefully  worked,  the  black  could  be  formed  by  this  process  without 
tendering  the  cloth.  Certain  technical  objections  to  this  process, 
however,  soon  arose;  and  in  1865  Lauth  proposed  to  use  the  in- 
soluble copper  sulphide  instead  of  the  soluble  nitrate,  by  which 
means  he  prevented  the  deposition  of  copper  on  the  *'  rollers "  and 
on  the  "doctors"  which  took  place  in  Lightfoot's  process.  The 
method  thus  modified  has  been  and  is  now  extensively  used  for 
the  production  of  black,  and  the  chief,  if  not  the  only,  objection 
which  can  be  urged  against  it  is  that  the  black  thus  obtained  is 
not  perfectly  permanent,  but  is  liable  to  become  green  when  exposed 
to  reducing  agents,  such  as  the  sulphurous  acid  contained  in  the 
impure  air  of  our  towns.  This  is,  however,  a  serious  drawback,  and 
one  which  those  practically  engaged  in  solving  such  problems  have 
not  been  able  to  remove.  So  much  so  indeed  is  this  the  case,  that 
it  is  generally  believed  that  the  property  of  aniline  black  to  become 
green  when  exposed  to  sulphurous  acid,  and  to  return  to  the  black 
when  treated  with  alkalies,  is  an  essential  property  of  the  substance, 
which  may  be  compared  with  the  property  of  litmus  to  change  colour 
in  presence  of  acids  and  alkalies. 

That  the  aniline  black  can  not  only  be  produced  in  presence  of 
copper  but  also,  as  Mr.  Lightfoot  showed  in  the  year  1871,  in 
presence  of  vanadium  salts,  and  that  by  vanadium  alone  can  the  black 
be  obtained  of  the  requisite  permanent  character,  has  now  been 
proved  beyond  doubt.  Moreover,  the  quantity  of  the  vanadium 
necessary  in  order  to  produce  the  oxidation  of  the  aniline  is  about 
one  thousand  times  less  than  that  of  the  copper.  Thus  if  a  piece 
of  calico  be  dipped  into  a  solution  of  2  *  5  grains  of  vanadate  of 
ammonia  dissolved  in  a  gallon  of  water  and  then  dried,  the  cloth  thus 
prepared  is  capable  of  producing  an  intense  black  if  treated  with  the 
mixture  of  aniline  salt  and  chlorate.  In  the  same  way  if  1  gallon  of 
colour  be  made  containing  20  ounces  of  aniline  hydrochlorate,  10  ounces 
of  chlorate  of  soda,  and  3  grains  of  vanadate  of  ammonia,  a  mixture 
is  obtained  with  which  no  less  than  from  20  to  25  pieces,  or  from 
500  to  600  yards  of  cloth,  such  as  that  exhibited,  can  be  thus  printed 
of  a  permanent  black. 
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In  dyeing  also,  the  yanadimn  will  be  extensively  used ;  and  in  the 
same  way  only  mere  traces  of  this  rare  metal  are  requisite,  whereas 
the  copper  black  cannot  be  used  for  dyeing.  Thus,  for  instance, 
1  gallon  of  colour  intense  enough  to  dye  40  lbs.  of  cotton  yam  black 
is  obtained  by  mixing  8  ounces  of  aniline  hydrochlorate,  4  ounces  of 
sodium  chlorate,  and  8  grains  of  vanadate  of  ammonia.  Cotton,  wool, 
or  silk  dipped  twice  into  this  mixture  and  then  aged,  or  allowed  to 
oxidize,  and  "  raised  "  in  a  solution  of  carbonate  of  soda,  is  dyed  a 
deep  rich  and  permanent  blue  black.  The  goods  may  also  be  allowed 
to  steep  in  a  bath  of  the  above  strength  for  three  days,  then  well 
washed  in  warm  water,  or  boiled  in  a  weak  solution  of  acetic  acid,  to 
remove  any  bronze  colour  found  on  the  surface  of  the  silk  or  wool. 
The  permanent  black  is  then  formed,  and  the  fibre  found  to  be  quite 
strong. 

The  part  played  by  vanadium  in  the  formation  of  the  black  colour 
may  be  easily  explained,  when  we  remember  the  ease  with  which  the 
metal  passes  from  one  degree  of  oxidation  to  another;  thus  from 
y,Os  the  highest  degree,  to  YsOf,  and  vice  versd.  In  this  way  it 
doubtless  acts,  as  M.  Guyard  has  suggested,  as  a  carrier  of  the  oxygen 
of  the  chlorate  to  the  aniline,  being  alternately  reduced  and  re- 
oxidized,  so  that  an  infinitely  small  quantity  of  vanadium  compound 
will  convert  an  infinitely  large  quantity  of  aniline  salt  into  aniline 
black,  reminding  one  of  the  action  of  nitrous  fumes  in  the  leaden 
chamber. 

Some  time  after  the  discovery  of  aniline  black,  Mr.  Bobert 
Pinkney,  of  the  firm  of  Messrs.  Blackwood  and  Co.,  of  London,  dis- 
covered, independently  of  Mr.  Lightfoot,  that  vanadium  can  be  most 
advantageously  substituted  for  copper  in  ike  formation  of  aniline  black ; 
and  he  employed  this  reaction  for  the  preparation  of  a  permanent 
marking  ink  termed  ^  Jetoline,"  of  which  many  thousands  of  bottles 
have  been  sold.  A  few  grains  of  vanadium — say  from  seven  to  twelve 
— being  sufficient  to  produce,  together  with  hydrochlorate  of  aniline 
and  chlorate  of  soda,  a  gallon  of  marking  ink. 

The  subject  of  the  use  of  vanadium  as  a  valuable  dyeing  agent 
was  next  taken  up  by  the  Magnesium  Metal  Company,  of  Patricroft, 
near  Manchester;  and,  thanks  to  the  unwearied  exertions  of  Mr. 
Samuel  Mellor,  this  firm  have  now  succeeded  not  only  in  securing  a 
very  considerable  supply  of  the  rare  element  which  occurs  in  the 
Eeuper  sandstone  as  the  new  mineral  Mottramite,  but  are  now  in  a 
position  to  produce  a  vanadium  black  for  both  calico  printing  and 
dyeing  which  is  perfectly  permanent.  This  is  the  more  remarkable, 
as  up  to  this  time  no  aniline  black  made  with  copper  has  been 
produced  in  commerce  which  will  withstand  the  reducing  action  of 
sulphurous  acid. 

As  the  result  of  a  large  number  of  experiments  made  with  various 
qualities  of  commercial  aniline,  and  by  varying  the  strengths  of  solu- 
tions, proportions  of  aniline  and  sodium  chlorate  employed,  and  also 
by  altering  the  temperature  and  the  conditions  of  ageing,  Mr.  McUor 
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has  found  (1)  that  within  certain  limits  the  purer  the  aniline  used, 
the  deeper  and  more  permanent  is  the  black  obtained.  (2)  That  there 
is  a  maximnm  density  of  colour,  beyond  which  if  larger  proportions 
of  aniline  salt  and  chlorate  are  used,  corresponding  advantages 
of  colour  are  not  obtained.  This  maximum  colour  is  yielded  by 
16  ounces  to  20  ounces  of  hydrochlorate  of  aniline  per  gallon  of 
colour.  (8)  That  for  the  formation  of  a  permanent  black,  the  amount 
of  aniline  salt  and  sodium  chlorate  used  for  1  gallon  of  colour  must 
bear  a  definite  relation  to  each  other,  the  weight  of  sodium  chlorate 
being  about  one-half  that  of  the  aniline  hydrochlorate  used.  (4)  That 
the  permanency  of  the  black  depends  very  much  upon  the  care  and 
skill  shown  in  "  ageing  "  the  cloth.  If  the  cloth  is  aged  in  a  moist 
atmosphere  a  blue-black  is  developed,  which  is  very  fleeting ;  but  if 
aged  in  a  dry  air,  and  at  a  high  temperature,  a  permanent  black  is 
obtained.  It  is  also  interesting  to  learn  that  for  other  colours  also, 
the  use  of  vanadium  appears  to  be  of  value,  as  in  the  production  of 
catechu  browns  as  well  as  in  some  of  the  brighter  aniline  dyes. 

It  is  indeed  impossible  to  say  what  important  technical  functions 
this  rare  and  hitherto  unapplied  substance  may  not  fulfil  Only  the 
other  day  vanadium  was  accounted  one  of  our  greatest  chemical 
curiosities,  and  the  investigation  of  its  properties  would  have  been 
thought,  by  the  practical  Englishman,  to  be  a  mere  waste  of  time. 

Now,  however,  we  haye  in  vanadium  a  new  example  of  the  value 
of  pure  scientific  research,  which  must  carry  conviction  even  to  the 
most  utilitarian  of  minds. 

[H.  E.  R] 
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GENERAL  MONTHLY  MEETING, 

Monday,  June  5,  1876. 

Gbobgb  Busk,  Esq.  F.R.8.  Treasurer  and  Vice-President, 
in  the  Gliair. 

General  the  Lord  Sandhurst,  O.G.B.  G.G.S.L 

Major  Henry  Gollett, 

George  Alexander  Dick,  Esq.  C.E. 

Thomas  George  Barrett  Lennard,  Esq. 

Sydney  McHenry,  Esq. 

The  Rev.  Stewart  Dixon  Stubbs,  M.A. 

were  elected  Members  of  the  Royal  Institution. 

Stbpbin  Busk,  Esq.  was  elected  Visitor  in  the  room  of  Mr.  Robert 
P.  LiKTOK,  deceased. 

The  Pbbsbnts  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FBOU 

AgrieuUurdl  Society ^  Royal— 'Mmoies  of  the  Chemical  Committee.    8vo.    1876. 
Arwut,  Lieut,  B.  H,  (ihe  Author)— maioTY  of  New  Guinea.    (K  101)    8vo.    1876. 
Agtatic  Society,  iioyat— Journal,  New  Series,  Vol.  VIII.  Part  2.    8vo.    1876. 
Adrwumieal  Society,  iioyo^Monthly  Notloee,  Vol.  XXXVI.  No.  6.     8vo.    1876. 
Betgiqu/e^  AcadAnie  Royale  dee  Sciencee — Bulletins :  1874-5.    4  vols.    Svo. 

Annuaire,  1875-6.    12mo. 
British  ArehitectSy  Bcyal  Institute  o/— Sessional  Papers,  1875-6.    No.  10.    4to. 
Chemical  fioct«<y-— Journal  for  April,  1876.    Svo. 
Croehie-Dawion,  G,  J.  Esq,  (Oie  ilti<^or>— Street  Pavements.     (K  101)    8yo. 

1876. 
De  CandoUe,  C.  (the  Author)— Sva  la  Structure  et  les  Mouvements  des  Feuilles  du 

Dionsa  Musoipula.    (Archives  des  Sciences,  Avril,  1876.) 
Editore — ^American  Journal  of  Science  for  May,  1876.    Svo. 

Argonaut  for  May,  1876.    Svo. 

AtneniBum  for  May,  1876.    4to. 

Chemical  News  for  May,  1876.    4to. 

Electrical  News  for  May,  1876. 

Engineer  for  May.  1876.    fol. 

Journal  for  Applied  Science  for  May,  1876.    fol. 

Nature  for  May,  1876.    4to. 

Nautical  Magazine  for  May,  1876.    Svo. 

Pharmaceutical  Journal  for  May,  1876.    Svo. 

Telegraph  Journal  for  May,  1876.    Svo. 
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Franklin  7n««rti«to— Journal,  No.  605.    8vo.    1876. 

GeoarapJUcal  Society^  i^oya^--JorI^nal,  Vol.  XLV.    8vo.     1876. 

Gedogieat  8octc^y— Quarterly  Journal,  No.  126.    8vo.    1876. 

Hayden,  Dr.  F.  F.  United  States  Geatogitt—'RepoTi  of  the  Geological  and  Geo- 
graphical Survey  of  the  Territories.    8vo.     1876. 

Lewitis,  Robert,  MM.  {the  -4tit^or)— Life  and  Mind.    (K  101)    8vo.    1876. 

Linnean  Society — Journal,  Nos.  63,  83.    8vo.    1876, 

Longmans  and  Co.  Messrs, — W.  N.  Hartley ;  Air  and  its  Relations  to  Life.  2nd  ed. 
16to.    1876. 

Manchester  Geological  5ocic<y— Transactions,  Vol.  XIII.  Part  11 ;  XIV.  Part  3. 
8vo.    1876. 

Preussitche  Akademie  der  Wissenschaften — Monatsberichte :  Feb.  1876.    8vo. 

Boyai  Society  of  London — Proceedings,  No.  169.    8vo.    1876. 

Hoyal  Society  of  Tasmania — Monthly  Notices  for  1874.    8vo.    1875. 

Society  UoUandaise  des  Sciences,  Haarlem — Notice  Historique,  &o.    8vo.     1876. 
Archives  N^rlandaises,  Tome  X.  Liv.  3;  Tome  XL  Liv.  2,  3.    8vo.    1875-6. 

Statistical  Soeiety^Joumtd,  VoL  XXXIX.  Part  1.    8vo.    1876. 

SynwnSf  G.  J,  Esq.  (the  Author) — Symons'  Monthly  Meteorological  Magazine, 
May,  1876.    8vo. 

TyndaH,  Professor,  F.RJS.  (the  ilu/Aor)— Fragments  of  Science.     5th  edition. 
12mo.     1876. 

Yorkshire  Archxologiccd  and  Topographical  AssodaUon — Journal :  Supplementary 
Part  to  VoL  IIL    8vo.    1876. 
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WEEKLY  EVENING  MEETING, 

Friday,  June  9,  1876. 

His  Majesty  this  King  of  Hanover,  E.G.  in  the  Chair. 

Pbofessob  Tyndall,  D.CL.  LL.D.  F.R.S.  &c. 

The  Parallel  Boads  of  Olen  Roy. 

When,  after  many  months  of  assiduous  work,  I  ventured  to  bring 
some  of  its  fruits  before  you  on  the  21st  of  last  January,  I  thought 
that  my  tribute  to  the  Friday  evening  discourses  of  the  present  year 
had  been  fairly  and  honestly  paid.*  But  your  excellent  Honorary 
Secretary  seems  to  have  thought  otherwise  when  he  marked  me  down 
for  the  concluding  evening  of  the  season.  And  considering  all  that 
our  Honorary  Secretary  does  for  us  here,  I  should  feel  ashamed  to 
demur  to  any  arrangement  which  he  might  think  agreeable  to  the 
members,  or  otherwise  conducive  to  the  interests  of  the  Institution. 
Nevertheless,  Friday  evening  discourses  are  not  to  be  developed  out 
of  consciousness  at  will,  and  my  friend  I  fear  must  accept  a  portion 
of  the  responsibility,  if  the  subject  introduced  to  your  attention 
to-night  should  appeal  to  some  of  you  as  a  twice-told  tale. 

To  some,  but  not  perhaps  to  aU.  Once  only  has  the  subject  been 
introduced  here,  in  a  discourse  commended  by  a  great  charm  of  delivery, 
and  a  full  report  of  which  appears  in  the  *  Proceedings  *  of  this  Insti- 
tution.t  To  the  views  enunciated  on  that  occasion  I  am  unable  to 
subscribe,  and  it  is  well  that  the  readers  of  the  '  Proceedings  *  should 
know  that  there  are  two  sides  to  this  question.  This  is  one  reason 
why  I  chose  the  subject.  Another  is  that  it  is  not  yet  considered  to 
be  settled,  for  a  new  communication  regarding  it  luts  been  recently 
laid  before  the  Royal  Society  of  Edinburgh  by  a  very  meritorious 
member  of  that  body.  Under  the  circumstances,  it  can  hardly  be 
considered  inappropriate  on  the  part  of  an  old  student  of  glacier 
action  to  state  briefly  the  side  he  is  disposed  to  take  in  the  discussion. 

The  first  published  allusion  to  the  Parallel  Roads  of  Glen  Roy 
occurs  in  the  appendix  to  the  third  volume  of  Pennant's  *  Tour  in 
Scotland,'  a  work  published  in  1776.  "  In  the  face  of  these  hills,"  says 
this  writer,  "  both  sides  of  the  glen,  there  are  three  roads  at  small 
distances  i^m  each  other  and  directly  opposite  on  each  side.    These 

*  The  work  then  described  has  been  extended  and  confinned  in  various  ways 
tinoe  that  time, 
t  VoL  iii.  p.  841. 
Vol.  Vm.    (No.  65.)  r 
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roads  have  been  measured  in  the  complete  parts  of  them,  and  found  to 
be  26  paoes  of  a  man  5  feet  10  inches  high.  The  two  highest  are 
pretty  near  each  other,  about  60  yards,  and  the  lowest  double  that 
distance  from  the  nearest  to  it.  They  are  carried  along  the  sides  of 
the  glen  with  the  utmost  regularity,  nearly  as  exact  as  drawn  with  a 
line  of  rule  and  compass." 

The  correct  heights  of  the  three  roads  of  Glen  Boy  are  respec- 
tively 1150, 1070,  and  860  feet  above  the  sea.  Hence  a  vertical  dis- 
tance of  80  feet  separates  the  two  highest,  while  the  lowest  road  is 
210  feet  below  the  middle  one. 

These  "  roads  "  are  usually  shelves  or  terraces  formed  in  the  yielding 
drift  which  here  covers  the  slopes  of  the  mountaina  They  are  all 
sensibly  horizontal  and  therefore  parallel.  Pennant  accepted  as  rea- 
sonable the  explanation  of  them  given  by  the  country  people,  who 
thought  '*  Uiey  were  designed  for  the  chase,  and  that  the  terraces  were 
made  after  the  spots  were  cleared  in  lines  f^m  wood,  in  order  to 
tempt  the  animals  into  the  open  paths  after  they  were  rouzed  in  order 
that  they  might  come  within  reach  of  the  bowmen  who  might  conceal 
themselves  in  the  woods  above  and  below." 

In  these  attempts  of  ^  the  country  people**  we  have  an  illustration 
of  that  impulse  to  which  all  scientific  knowledge  is  due — the  desire  to 
know  the  causes  of  things ;  and  it  is  a  matter  of  surprise  that  in  the 
case  of  the  parallel  roads,  with  their  weird  appearance  challenging 
inquiry,  this  impulse  did  not  make  itself  more  rapidly  and  energeti- 
cally felt  Their  remoteness  may  perhaps  account  for  the  fact  that 
uutU  the  year  1817  no  systematic  description  of  them,  and  no  scien- 
tific attempt  at  an  explimation  of  them,  appeared.  In  that  year  Dr. 
MacCulloi^,  who  was  then  President  of  the  Geological  Society,  pre- 
sented to  that  Society  a  memoir,  in  which  the  roads  were  discussed, 
and  regarded  as  the  margins  of  lakes  once  embosomed  in  Glen 
Roy. 

To  Dr.  liacOulloch  succeeded  a  man,  possibly  not  so  learned  as  a 
geologist,  but  obviously  fitted  by  nature  to  grapple  with  her  facts  and  to 
put  them  in  their  proper  setting.  I  refer  to  Sir  Thomas  Dick-Lauder, 
who  presented  to  the  Royal  Society  of  Edinburgh,  on  the  2nd  of  March, 
1818,  his  paper  on  the  Parallel  Roads  of  Glen  Roy.  In  looking  over 
the  literature  of  this  subject,  which  is  now  copious,  it  is  interestmg  to 
observe  the  differentiation  of  minds,  and  to  single  out  those  who  went 
by  a  kind  of  instinct  to  the  core  of  the  question,  from  those  who 
erred  in  it,  or  who  learnedly  occupied  themselves  with  its  analogies, 
adjuncto,  and  details.  There  is  no  man,  in  my  opinion,  connected 
with  the  history  of  the  subject,  who  has  shown,  in  relation  to  it, 
this  spirit  of  penetration,  this  force  of  scientific  insight,  more  con- 
spicuously than  Sir  Thomas  Dick-Lauder.  Two  distinct  mental  pro- 
cesses are  involved  in  its  treatment.  Firstly,  the  faithful  and  sufficient 
observation  of  the  data ;  and  secondly,  that  higher  mental  process  in 
which  the  constructive  imagination  comes  into  play,  connecting  the 
separate  &cto  of  observation  with  their  common  cause,  and  weaving 
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them  into  an  organic  whole.  In  neither  of  these  requirements  did 
Sir  Thomas  Dick-Lander  fiedl. 

Adjacent  to  Glen  Roy  is  a  valley  called  Olen  Olaoy,  along  the 
sides  of  which  ran  a  single  shelf,  or  terrace,  formed  obyioosly  in  the 
same  manner  as  the  parallel  roads  of  Glen  Hoy.  The  two  shelves  on 
the  opposing  sides  of  the  glen  were  at  precisely  the  same  level,  and 
Dick-Lauder  wished  to  see  whether,  and  how,  they  became  united  at 
the  head  of  the  glen.  He  followed  the  shelves  into  the  recesses  of 
the  mountains.  The  bottom  of  the  valley,  as  it  rose,  came  ever  nearer 
to  them,  until  finally,  at  the  head  of  Glen  Gluoy,  he  reached  a  col,  or 
watershed,  of  precisely  the  same  elevation  as  the  road  which  swept 
round  the  glen. 

The  correct  height  of  this  col  is  1170  feet  above  the  sea.  It  is 
therefore  20  feet  above  the  highest  road  in  Glen  Roy. 


Parallel  Boads  of  Glen  Bot. 
After  a  Sketch  by  Sir  Thomas  Dick-Lauder. 

From  this  col  a  lateral  branch-valley  led  towards  Glen  Roy.  Our 
explorer  descended  from  the  ool  to  the  highest  road  in  that  glen,  and 
pursued  it  exactly  as  he  had  pursued  the  road  in  Glen  Gluoy.  For 
a  time  it  belted  the  mountain  sides  at  a  considerable  height  above 
the  bottom  of  the  valley  ;  but  this  rose  as  he  proceeded,  coming  ever 
nearer  to  the  highest  shelf^  until  finally  he  reached  a  col,  or  watershed, 
looking  into  Glen  Spey,  and  of  precisely  the  same  elevation  as  the 
highest  parallel  road  of  Glen  Roy. 

He  tiien  dropped  down  to  the  lowest  of  these  roads,  and  followed 

B  2 


Digitized  by  VjOOQIC 


236  Profeuor  TyndaU  [June  9, 

it  towards  the  month  of  the  glen.  Its  elevation  aboye  the  bottom  of 
the  valley  gradually  increased ;  not  because  it  rose,  but  because  it 
remained  level  while  the  valley  sloped  downwards.  He  found  this 
lowest  road  doubling  round  the  hills  at  the  month  of  Glen  Boy,  and 
running  along  the  sides  of  the  mountains  which  flank  Glen  Spean. 
He  followed  it  eastwards.  The  Spean  Valley,  like  the  others,  gra- 
dually rose,  and  therefore  graduflJly  approached  the  road  on  the 
adjacent  mountainHside.  He  came  to  Loch  Laggan,  the  surface  of 
which  rose  almost  to  the  level  of  the  road,  and  beyond  the  head 
of  this  lake  he  found,  as  in  the  other  two  cases,  a  col,  or  watershed, 
of  exactly  the  same  level  as  the  single  road  in  Glen  Spean,  which,  it 
will  be  remembered,  is  a  continuation  of  the  lowest  road  in  Glen 
Boy. 

Here  we  have  a  series  of  facts  of  obvious  significance  as  regards 
the  solution  of  this  question.  The  effort  of  the  mind  to  form  a 
coherent  image  from  such  facts,  might  be  compared  with  the  effort 
of  the  eyes  to  cause  the  pictures  of  the  stereoscope  to  coalesce. 
For  a  time  we  exercise  a  certain  strain,  the  object  remaining  vague 
and  indistinct  Suddenly  its  various  parts  seem  to  run  together,  the 
object  starting  forth  in  clear  and  definite  relief.  Such,  I  take  it,  was 
the  effect  of  his  ponderings  upon  the  mind  of  Sir  Thomas  Dick- 
Lander.  His  solution  was  this :  Taking  all  their  features  into  account, 
he  was  convinced  that  water  only  could  have  produced  the  terraces. 
He  saw  clearly  that,  supposing  the  mouth  of  Glen  Gluoy  to  be 
stopped  by  a  barrier,  if  tiie  water  from  the  mountains  flanking  the 
glen  were  allowed  to  collect,  it  would  form  behind  the  barrier  a  lake, 
2ie  surface  of  which  would  gradually  rise  until  it  reached  the  level  of 
the  col  at  the  head  of  the  glen.  The  rising  would  then  cease ;  the 
superfluous  water  of  Glen  Gluoy  discharging  itself  over  the  col  into 
Glen  Boy.  As  long  as  the  barrier  stopping  the  mouth  of  Glen  Gluoy 
continued,  we  should  have  in  that  glen  a  lake  at  the  precise  level  of 
its  shelf,  which  lake,  acting  upon  the  loose  drift  of  the  flanking 
mountains,  would  actually  form  the  shelf  revealed  by  observation. 

So  much  for  Glen  Gluoy.  But  suppose  the  mouth  of  Glen  Boy 
also  stopped  by  a  barrier  sufficiently  high.  Behind  it,  the  water  from 
the  adjacent  mountains  would  collect.  The  surface  of  the  lake  thus 
formed  would  gradually  rise,  until  it  had  reached  the  level  of  the  col 
which  divides  Glen  Boy  from  Glen  Spey.  Here  the  rising  of  the 
lake  would  cease ;  its  superabundant  water  being  poured  over  the  col 
into  the  valley  of  the  Spey.  This  state  of  things  would  continue  as 
long  as  the  barrier  remained  at  the  mouth  of  Glen  Boy.  The  lake 
thus  dammed  in,  with  its  surface  at  the  level  of  the  highest  parallel 
road,  would  act,  as  in  Glen  Gluoy,  upon  the  friable  dri^  over- 
spreading the  mountains,  and  would  form  the  highest  road  or  terrace 
of  Glen  Boy. 

And  now  let  ns  suppose  the  barrier  to  be  so  &r  removed  from  the 
mouth  of  Glen  Boy  as  to  establish  a  connection  between  it  and  the 
npper  part  of  Glen  Spean,  while  the  lower  part  of  the  latter  glen 
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continued  blocked  up.  Upper  Olen  Spean  and  Olen  Boy  would  then 
be  occupied  by  a  continuous  lake,  the  level  of  which  would  obviously 
be  determined  by  the  col  at  the  head  of  Loch  Laggan.  The  water 
in  Olen  Boy  would  sink  from  the  level  it  had  previously  main- 
tained, to  the  level  of  its  new  place  of  escape.  This  new  lake- 
surface  would  correspond  exactly  with  the  lowest  parallel  road,  and 
it  would  form  that  road  by  its  action  upon  the  dr^t  of  the  adjacent 
mountains. 

In  presence  of  the  observed  facts,  this  solution  commends  itself 
strongly  to  the  scientific  mind.  The  question  next  occurs.  What  was 
the  character  of  the  assumed  barrier  which  stopped  the  glens  ?  There 
are  at  the  present  moment  vast  masses  of  detritus  in  certain  portions 
of  Olen  Spean,  and  of  such  detritus  Sir  Thomas  Dick-Lauder  imagined 
his  barriers  to  have  been  formed.  By  some  unknown  convulsion,  this 
detritus  had  been  heaped  up.  But,  once  given,  and  once  granted  that 
it  was  subsequentiy  removed,  the  single  road  of  Olen  Oluoy  and  the 
highest  and  lowest  roads  of  Olen  Boy  would  be  explained  in  a  satis- 
feu^tory  manner. 

To  account  for  the  second  or  middle  road  of  Olen  Boy,  Sir  Thomas 
Dick-Lauder  invoked  a  new  agency.  He  supposed  that  at  a  certain 
point  in  the  breaking  dovm  or  waste  of  his  daro,  a  halt  occurred,  the 
barrier  holding  its  ground  at  a  particular  level  sufficientiy  long  to  dam 
a  lake  rising  to  the  height  of,  and  forming  the  second  road.  This  point 
of  weakness  was  at  once  detected  by  Mr.  Darwin,  and  adduced  by  him 
as  proving  that  the  levels  of  the  cols  did  not  coustitute  an  essential 
feature  in  the  phenomena  of  the  parallel  roads.  Though  not  de- 
stroyed. Sir  Thomas  Dick-Lander's  theory  was  seriously  shaken  by 
this  argument,  and  it  became  a  point  of  capital  importance,  if  the 
facts  permitted,  to  remove  such  source  of  weakness.  This  was  done 
in  1847  by  Mr.  David  Milne,  now  Mr.  Milne-Home.  On  walking 
up  Olen  Boy  from  Boy  Bridge,  we  pass  the  mouth  of  a  lateral 
§^en,  called  Olen  Olaster,  running  eastward  from  Olen  Boy.  There 
is  nothing  in  this  lateral  glen  to  attract  attention,  or  to  suggest 
that  it  could  have  any  conspicuous  influence  in  the  production 
of  the  parallel  roads.  Hence,  I  think,  the  failure  of  Sir  Thomas 
Dick-Lauder  to  notice  it.  But  Mr.  Milne-Home  entered  this  glen,  on 
the  northern  side  of  which  the  middle  and  lowest  roads  are  fairly 
shown.  The  principal  stream  running  through  the  glen  turns  at  a 
certain  point  northwards  and  loses  itself  amoug  hills  too  high  to  offer 
any  outlet.  But  another  branch  of  the  glen  turns  to  the  S(^uth-east ; 
and,  following  up  this  branch,  Mr.  Milne-Home  reached  a  col,  or 
watershed,  of  the  precise  level  of  the  second  Olen  Boy  Boad.  TVhen 
the  barrier  blockiug  the  gleus  had  been  so  far  removed  as  to  open 
this  col,  the  water  in  Olen  Boy  would  sink  to  the  level  of  the  second 
road.  A  new  lake  of  diminished  depth  would  be  thus  formed,  the 
surplus  water  of  which  would  escape  over  the  Olen  Olaster  col  into 
Olen  Spean.  The  margin  of  this  new  lake,  acting  upon  the  detrital 
matter,  would  form  the  second  road.     The  theory  of  Sir  Thomas 
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Dick-Lander,  as  regards  the  part  played  by  the  ools,  was  re-riveted 
by  this  new  and  unexpected  discovery. 

I  have  referred  to  Mr.  Darwin,  whose  powerfiil  mind  swayed  for  a 
time  the  convictions  of  the  scientific  world  in  relation  to  this  question. 
His  notion  was — and  it  is  a  notion  which  very  naturally  presents 
itself — that  the  parallel  roads  were  formed  by  the  sea;  that  this 
whole  region  was  once  submerged  and  subsequently  upheaved ;  that 
there  were  pauses  in  the  process  of  upheaval,  during  which  these 
glens  constituted  so  many  fiords,  on  the  sides  of  which  the  parallel 
terraces  were  formed.  This  theory  will  not  bear  close  criticism ;  nor 
is  it  now  maintained  by  Mr.  Darwin  himself.  It  would  not  account 
for  the  sea  being  20  feet  higher  in  Glen  Gluoy  than  in  Glen  Boy.  It 
would  not  account  for  the  absence  of  the  second  and  third  Glen  Roy 
roads  from  Glen  Gluoy,  where  the  mountain  flanks  are  quite  as 
impressionable  as  in  Glen  Boy.  It  would  not  account  for  the 
absence  of  the  shelves  from  the  other  mountains  in  the  neighbour- 
hood, all  of  which  would  have  been  clasped  by  the  sea  had  the  sea 
been  there.  Here  then,  and  no  doubt  elsewhere,  Mr.  Darwin  has 
shown  himself  to  be  fallible ;  but  here,  as  elsewhere,  he  has  shown 
himself  equal  to  that  discipline  of  surrender  to  evidence  which  girds 
his  intellect  with  unassailable  moral  strength. 

But,  granting  the  significance  of  Sir  Thomas  Dick-Lauder*s  facts, 
and  the  reasonableness,  on  the  whole,  of  the  views  which  he  has 
founded  on  them,  they  will  not  bear  examination  in  detaiL  No  such 
barriers  of  detritus  as  he  assumed  oould  have  existed  without  leaving 
traces  behind  them;  but  there  is  no  trace  left.  There  is  detritus 
enough  in  Glen  Spoan,  but  not  where  it  is  wanted.  The  two  highest 
parallel  roads  stop  abruptly  at  different  points  near  the  mouth  of  Glen 
Boy,  but  no  remnant  of  tibe  barrier  against  which  they  abutted  is  to 
be  seen.  It  might  be  urged  that  the  subsequent  invasion  of  the 
valley  by  glaciers  has  swept  the  detritus  away  ;  but  there  have  been 
no  glaciers  in  these  valleys  since  the  retreat  of  the  lakes.  Professor 
Geikie  has  &voured  me  with  a  drawing  of  the  Glen  Spean  shelf  near 
the  entrance  to  Glen  Trieg.  The  shelf  forms  a  belt  round  a  great 
mound  of  detritus  which,  had  a  glacier  followed  the  formation  of  the 
shelf,  must  have  been  cleared  away.  Taking  all  the  circumstances 
into  account,  you  may,  I  think,  with  safety  dismiss  the  detrital  barrier 
as  incompetent  to  account  for  the  present  condition  of  Glen  Gluoy 
and  Glen  Boy. 

Hypotheses  in  science,  though  apparently  transcending  experience, 
are  in  reality  experience  modified  by  scientific  thought  and  pushed 
into  an  ultra,  experiential  region.  At  the  time  that  he  wrote,  Sir 
Thomas  Dick-Lauder  could  not  possibly  have  assigned  the  cause  sub- 
sequently assigned  for  the  blockage  of  these  glens.  A  knowledge  of 
the  action  of  ancient  glaciers  was  tiie  necessary  antecedent  to  the  new 
explanation,  and  experience  of  this  nature  was  not  possessed  by  the 
distinguished  writer  just  mentioned.  The  extension  of  Swiss  glaciers 
far  beyond  their  present  limits,  was  first  made  known  by  a  Swiss 


Digitized  by  VjOOQIC 


1876.]  on  the  Parallel  Boads  of  Glen  Boy.  239 

engineer  named  Venetz,  who  eBtablifihed,  by  the  marks  they  had 
left  behind,  their  former  existence  in  places  which  they  had  long  for- 
saken. The  subject  of  glacier  extension  was  subsequently  followed 
up  with  distinguished  success  by  Charpentier,  Studer,  and  others. 
Agassis  grappled  with  it  with  characteristic  yigour,  extending  his 
eyidences  far  beyond  the  domain  of  Switzerland.  He  came  to  this 
country  in  1840,  and  found  in  various  places  indubitable  marks  of 
ancient  glacier  action.  England,  Scotland,  Wales,  and  Ireland  he 
proyed  to  haye  once  giyen  birth  to  glaciers.  He  yisited  Glen  Boy, 
surveyed  the  surrounding  neighbourhood,  and  pronounced,  as  a  conse- 
quence of  his  investigation,  ihe  barriers  which  stopped  the  glens  and 
produced  the  paralld  roads  to  have  been  barriers  of  ice.  To  Mr. 
Jamieson,  above  all  others,  we  are  indebted  for  the  thorough  testing 
and  confirmation  of  this  theory. 

And  let  me  here  say  that  Agassiz  is  only  too  likely  to  be  misrated 
and  misjudged  by  those  who  fail  to  grasp  in  their  totality  the  motive 
powers  invoked  in  scientific  research.  He  lacked  mechanical  preci- 
sion, but  he  abounded  in  that  force  and  freshness  of  the  scientific 
imagination  which  in  some  sciences,  and  probably  in  some  stages  of  all 
sciences,  are  essential  to  the  creator  of  knowledge.  To  Aeassiz  was 
given,  not  the  art  of  the  refiner,  but  the  instinct  of  the  discoverer, 
and  the  strength  of  the  delver  who  brings  ore  from  the  recesses  of 
the  mine.  That  ore  may  contain  its  share  of  dross,  but  it  also  con- 
tains the  precious  metal  which  gives  employment  to  the  refiner,  and 
without  which  his  occupation  would  depart. 

Let  us  dwell  for  a  moment  upon  this  subject  of  ancient  glaciers. 
Under  a  fiask  containing  water,  in  which  a  thermometer  is  immersed,  is 
placed  a  Bunsen's  lamp.  The  water  is  heated,  reaches  a  temperature 
of  212^,  and  then  begins  to  boiL  The  rise  of  the  thermometer  then 
ceases,  although  heat  continues  to  be  poured  by  the  lamp  into  the 
water.  What  becomes  of  that  heat  ?  We  know  that  it  is  consumed  in 
the  molecular  work  of  vaporization.  In  the  experiment  here  arranged, 
the  steam  passes  from  the  flask  through  a  tube  into  a  second  vessel 
kept  at  a  low  temperature.  Here  it  is  condensed,  and  indeed  congealed 
to  ice,  the  second  vessel  being  plunged  in  a  mixture  cold  enough  to 
freeze  the  water.  As  a  result  of  the  process  we  obtain  a  mass  of  ice. 
Thatice  has  an  origin  very  antithetical  to  its  own  character.  Though  cold, 
it  is  the  child  of  heat.  If  we  removed  the  Bunsen  lamp,  there  would 
be  no  steam,  and  if  there  were  no  steam  there  would  be  no  ice.  The 
mere  cold  of  the  mixture  surroundiag  the  second  vessel  would  not 
produce  ice.  The  cold  must  have  the  proper  material  to  work  upon  ; 
and  this  material — aqueous  vapour — is,  as  we  here  see,  the  direct 
product  of  heat. 

It  is  now,  I  suppose,  fifteen  or  sixteen  years  since  I  found  myself 
conversing  with  an  illustrious  philosopher  regarding  that  glacial  epoch 
which  the  researches  of  Agassiz  and  others  had  revealed.  This  pro- 
foundly thoughtful  man  was  of  opinion  that,  at  a  certain  stage  in  the 
history  of  the  solar  system,  the  sun's  radiation  had  suffered  diminution. 
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the  glacial  epoch  being  a  consequence  of  this  central  chill.  The 
celebrated  Fraich  mathematioian  PoisHon  had  another  theory.  Astro- 
nomers have  shown  that  the  solar  system  moves  through  space, 
and  the  temperature  of  space  is  a  fftmiUar  conception  with  scientific 
men.  It  was  considered  probable  by  Poisson  that  our  system, 
during  its  motion,  had  traversed  portions  of  space  of  different  tempera- 
tures ;  and  that,  during  its  passage  through  one  of  the  colder  regions 
of  the  universe,  the  glacial  epoch  occurred.  Notions  such  as  these 
were  more  or  less  current  not  many  years  ago,  and  I  therefore 
thought  it  worth  while  to  show  how  incomplete  uiey  were.  Suppose 
the  temperature  of  our  planet  to  be  reduced,  by  the  subsidence  of  solar 
heat,  the  cold  of  space,  or  any  other  cause,  say  one  hundred  degrees. 
Four-and-twenty  hours  of  such  a  chill  would  bring  down  as  snow 
nearly  all  the  moisture  of  our  atmosphere.  But  this  would  not  produce 
a  glacial  epoch.  Such  an  epoch  would  require  the  continuous  genera- 
tion of  the  material  from  which  the  ice  of  glaciers  is  derived.  Mountain 
snow,  the  nutriment  of  glaciers,  is  derived  from  aqueous  vapour  raised 
mainly  from  the  tropi^  ocean  by  the  sun.  The  solar  fire  is  as 
necessary  a  factor  in  the  process  as  our  Bunsen  lamp  in  the  experiment 
referred  to  a  moment  ago.  Nothing  is  easier  than  to  calculate  the 
exact  amount  of  heat  expended  by  the  sun  in  the  production  of  a 
glacier.  It  would,  as  I  have  elsewhere  shown,*  raise  a  quantity  of 
cast  iron  five  times  the  weight  of  the  glacier  not  only  to  a  white  li^at, 
but  to  its  point  of  fusion.  If,  as  I  have  urged  elsewhere,  instead  of 
being  filled  with  ice,  the  valleys  of  the  Alps  were  filled  with  white- 
hot  metal,  of  quintuple  the  mass  of  the  present  glaciers,  it  is  the 
heat,  and  not  the  cold,  that  would  arrest  our  attention  and  solicit  our 
explanation.  The  process  of  glacier  making  is  obviously  one  of  dis- 
tillation, in  which  the  fire  of  the  sun  which  generates  the  vapour  plays 
as  essential  a  part  as  the  cold  of  the  mountains  which  condenses  itf 

It  was  their  ascription  to  glacier  action  that  first  gave  the  parallel 
roads  of  Glen  Roy  an  interest  in  my  eyes ;  and  in  1867,  with  a  view 
to  self-instruction,  I  made  a  solitary  pilgrimage  to  the  place,  and 
explored  pretty  thoroughly  the  roads  of  the  principal  glen.  I  traced 
the  highest  road  to  the  col  dividing  Glen  Boy  from  Glen  Spey,  and, 
thanks  to  the  civility  of  an  Ordnance  surveyor,  I  was  enabled  to  inspect 
some  of  the  roads  with  a  theodolite.  As  stated  by  Pennant,  the  width 
of  the  roads  amounts  sometimes  to  more  than  twenty  yards ;  but  near 
the  head  of  Glen  Boy  the  highest  road  ceases  to  have  any  width,  for  it 
runs  along  the  face  of  a  rock,  the  effect  of  the  lapping  of  the  water  on 


*  *  Heat  a  Mode  of  Motion,'  fifth  edition,  chap.  vi. :  Forms  of  Water,  §§  55 
and  56. 

t  In  Lyel1*8  excellent  *  Principles  of  Geology,*  the  remark  occurs  that  "  several 
writers  have  fallen  into  the  strange  error  of  supposing  that  the  glacial  period  must 
have  heen  one  of  higher  mean  temperature  than  usual.**  The  really  strange  error 
was  the  forgetfulness  of  the  fact  that  in  the  production  of  glaciers,  heat  played 
quite  as  important  a  part  as  cold. 
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the  more  friable  portions  of  the  rock  being  perfectly  distinct  to  this 
hour.  My  knowledge  of  the  region  was,  however,  far  from  complete, 
and  nine  years  had  dimmed  the  memory  even  of  the  portion  wluch  I 
had  thoroughly  examined.  Hence  my  desire  to  see  the  roads  once 
more  before  ventoring  to  talk  to  you  about  them.  The  Easter  holi- 
days were  to  be  devoted  to  this  purpose ;  but  at  the  last  moment 
a  telegram  from  Boy  Bridge  informed  me  tiiat  the  roads  were  snowed 
up.  I  was  thus  thrown  back  npon  books  and  memories ;  but  these 
proving  only  a  poor  substitute  for  the  flavour  of  facts,  I  resolved 
subsequently  to  make  another  e£fort  to  see  the  roads.  Accordingly 
on  Thursday  fortnight,  after  lecturing  here,  I  packed  up,  and  started 
(not  this  time  alone)  for  the  North.  Next  day  at  noon  we  found 
ourselves  at  Dalwhinnie,  whence  a  drive  of  some  five-and-thirty  miles 
brought  us  to  the  excellent  hostelry  of  Mr.  Macintosh,  at  the  mouth 
of  Glen  Boy. 

We  might  have  found  the  hills  covered  with  mist,  which  would 
hare  wholly  defeated  us ;  but  Nature  was  good-natured,  and  we  had 
two  suocesfifnl  working  days  among  the  hiUs.  Guided  by  the  excel- 
lent Ordnance  map,  on  the  Saturday  morning  we  went  up  the  glen, 
and  on  reaching  the  stream  called  Allt  Bhreac  Achaidh  &ced  the 
hills  to  the  west.  At  the  watershed  between  Glen  Boy  and  Glen 
Fintaig  we  bore  northwards,  struck  the  ridge  above  Glen  Gluoy,  came 
in  view  of  its  road,  which  we  persistently  followed  as  long  as  it  con- 
tinued visible.  It  is  a  feature  of  all  the  roads  that  they  vanish  before 
reaching  the  cols  over  which  fell  the  waters  of  the  lakes  which  formed 
them.  One  reason  doubtless  is  that  at  their  upper  ends  the  lakes 
were  shallow,  and  incompetent  on  this  account  to  raise  wavelets  of 
any  strength  to  act  upon  ue  mountain  drift  A  second  reason  is  that 
they  were  land-locked  in  the  higher  portions  and  protected  from  the 
south-westerly  winds,  the  stillness  of  their  waters  causing  them  to 
produce  but  a  feeble  impression  upon  the  mountain  sides.  From 
Glen  Gluoy  we  passed  down  Glen  Turrit  to  Glen  Boy,  and  through 
it  homewards,  thus  accomplishing  two  or  three  and  twenty  miles  of 
rough  and  honest  work. 

Next  day  we  thoroughly  explored  Glen  Glaster,  following  its  two 
roads  as  &r  as  they  were  visible.  We  reached  the  col  discovered  by 
Mr.  Milne-Home,  and  which  stands  at  the  level  of  the  middle  road 
of  Glen  Boy.  Thence  we  crossed  southwards  over  the  mountain 
Creag  Dhubh^  and  examined  the  erratic  blocks  upon  its  sides,  and  the 
ridges  and  mounds  of  moraine  matter  which  cumber  the  lower  flanks 
of  Sie  mountain.  The  observations  of  Mr.  Jamieson  upon  this  region, 
including  the  mouth  of  Glen  Trieg,  are  in  the  highest  degree  in- 
teresting. We  entered  Glen  Spean,  and  continued  a  search  begun  on 
the  evening  of  our  arrival  at  Boy  Bridge — the  search,  namely,  for 
glacier  polishings  and  markings.  We  did  not  find  them  copious,  but 
Siey  are  indubitable.  One  of  the  proofiB  most  convenient  for  refer- 
ence, is  a  great  rounded  rock  by  the  road  side,  1000  yards  east 
of  the  milestone  marked  three-quarters  of  a  mile  from  Boy  Bridge. 
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Farther  east  other  cases  occur,  and  they  leave  no  donbt  upon  the 
mind  that  Glen  Spean  was  at  one  time  filled  by  a  great  glacier. 
To  the  disciplined  eye  the  aspect  of  the  mountains  is  perfectly 
conclHsiYe  on  this  point ;  and  in  no  position  can  the  observer  more 
readily  and  thoronghly  convince  himself  of  this  than  at  the  head  of 
Glen  Glaster.    The  dominant  hills  here  are  all  intensely  glaciated. 

But  the  great  collecting  ground  of  the  glaciers  which  dammed  the 
glens  and  produced  the  parallel  roads,  were  the  mountains  south  and 
west  of  Glen  Spean.  The  monarch  of  these  is  Ben  Nevis,  4370  feet 
high.  The  position  of  Ben  Nevis  and  his  colleagues,  in  reference  to  the 
vapour-laden  winds  of  the  Atlantic,  is  a  point  of  the  first  importance. 
It  is  exactly  similar  to  that  of  Garrantual  and  the  Macgillicuddy  Seeks 
in  the  south-west  of  Ireland.  These  mountains  are,  and  were,  the  first 
to  encounter  the  south-western  Atlantic  winds,  and  the  precipitation, 
even  at  present,  in  the  neighbourhood  of  Eillamey,  is  enormous. 
The  winds,  robbed  of  their  vapour,  and  charged  with  the  heat  set  free 
by  its  precipitation,  pursue  their  direction  obliquely  across  Ireland ;  and 
the  effect  of  the  drying  process  may  be  understood  by  comparing  the 
rainfall  at  Gahirciveen  with  that  at  Portarlington.  As  found  by  Dr. 
Lloyd,  the  ratio  is  as  59  to  21 — fifty-nine  inches  annually  at  Gahir- 
civeen to  twenty-one  at  Portarlington.  During  the  glacial  epoch  this 
vapour  fell  as  snow,  and  the  consequence  was  a  system  of  glaciers  which 
have  left  traces  and  evidences  of  the  most  impressive  character  in  the 
region  of  the  Ejllamey  Lakes.  I  have  referred  in  other  places  to  the 
great  glacier  which,  descending  from  the  Beeks,  moved  through  the 
Black  Valley,  took  possession  of  the  lake-basins,  and  left  its  traces 
on  every  rock  and  island  emergent  from  the  waters  of  the  upper  lake. 
They  are  all  conspicuously  glaciated.  Not  in  Switzerland  itself  do 
we  find  clearer  traces  of  ancient  glacier  action. 

What  the  Macgillicuddy  Beeks  did  in  Ireland,  Ben  Nevis  and  the 
adjacent  mountains  did,  and  continue  to  do,  in  Scotland.  We  had  an 
example  of  this  on  the  morning  we  quitted  Boy  Bridge.  From  the 
bridge  westward  rain  fell  copiously,  and  the  roads  were  wet;  but 
the  precipitation  ceased  near  Loch  Laggan,  whence  eastward  the  roads 
were  dry.  Measured  by  the  gauge,  the  rainfall  at  Fort  William  is 
86  inches,  while  at  Laggan  it  is  only  46  inches  annually.  The  dif- 
ference between  west  and  east  is  forcibly  brought  out  by  observations 
at  the  two  ends  of  the  Caledonian  Canal.  Fort  William  at  the  south- 
western end  has,  as  just  stated,  86  inches,  while  Culloden,  at  its 
north-east  end,  has  only  24.  To  the  researches  of  that  able  and 
accomplished  meteorologist,  Mr.  Buchan,  we  are  indebted  for  these 
and  other  data  of  the  most  interesting  and  valuable  kind. 

Adhering  to  the  facts  now  presented  to  us,  it  is  not  difficult  to 
restore  in  idea  the  process  by  which  the  glaciers  of  Lochaber  were 
produced  and  the  glens  dammed  by  ice.  When  the  cold  of  the 
glacial  epoch  began  to  invade  the  Scottish  hills,  the  sun  at  the  same 
time  acting  with  sufficient  power  upon  the  tropical  ocean,  the  vapours 
raised  and  drifted  on  to  these  northern  mountains  were  more  and 
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more  oonyerted  into  snow.  This  slid  down  the  elopes,  and  from 
eTery  vallej,  strath,  and  corry  sonth  of  Glen  Spean,  glaciers  were 
poured  into  that  glen.  The  two  great  factors  here  brought  into  play 
are  the  nutrition  of  the  glaciers  by  the  frozen  material  above,  and  their 
consumption  in  the  milder  air  below.  For  a  period  supply  exceeded 
consumption,  and  the  ice  extended,  filling  Qlen  Spean  to  an  ever- 
increasing  height,  and  abutting  against  the  mountains  to  the  north  of 
that  glen.  Bat  why,  it  may  be  asked,  should  the  valleys  south  of 
Qlen  Spean  be  receptacles  of  ice  at  a  time  when  those  north  of  it 
were  receptacles  of  water  ?  The  answer  is  to  be  found  in  the  position 
and  the  greater  elevation  of  the  mountains  south  of  Glen  Spean. 
They  first  received  the  loads  of  moisture  carried  by  the  Atlantic 
winds,  and  not  until  they  had  been  in  part  dried,  and  warmed  by 
the  liberation  of  their  latent  heat,  did  these  winds  touch  the  hills 
north  of  the  Glen. 

An  instructive  observation  bearing  upon  this  point  is  here  to  be 
noted.  Had  our  visit  been  in  the  winter  we  should  have  found  all 
the  mountains  covered ;  had  it  been  in  the  summer  we  should  have 
found  the  snow  all  gone.  But  happily  it  was  at  a  season  when  the 
aspect  of  the  mountains  north  and  south  of  Glen  Spean  exhibited 
their  relative  powers  as  snow  collectors.  Scanning  the  former  hills 
from  many  points  of  view,  we  were  hardly  able  to  detect  a  fleck  of 
snow,  while  heavy  swaths  and  patches  loaded  the  latter.  Were  the 
glacial  epoch  to  return,  the  relation  indicated  by  this  observation 
would  cause  Glen  Spean  to  be  filled  with  glaciers  from  the  south, 
while  the  hills  and  valleys  on  the  north,  visited  by  milder  and  drier 
winds,  would  remain  comparatively  free  from  ice.  This  flow  from 
the  south  would  be  reinforced  from  the  west,  and  as  long  as  the 
supply  was  in  excess  of  the  consumption  the  glaciers  would  extend, 
the  dams  closing  the  glens  increasing  in  height.  By-and-by  supply 
and  consumption  becoming  approximately  equal,  the  height  of  the 
glacier  barriers  would  remain  constant.  Then,  as  milder  weather  set 
in,  consumption  would  be  in  excess,  and  a  retreat  of  the  ice  would  be 
the  consequence.  But  for  a  long  time  the  conflict  between  supply  and 
consumption  would  continue,  retarding  indefinitely  the  disappearance 
of  the  barriers,  and  keeping  the  imprisoned  lakes  in  the  northern 
glens.  But  however  slow  its  retreat,  the  ice  in  the  long  run  would 
be  forced  to  yield.  The  dam  at  the  mouth  of  Glen  Boy,  which  pro* 
bably  entered  the  glen  sufficiently  fsir  to  block  up  Glen  Glaster, 
would  gradually  retreat  Glen  GUster  and  its  col  being  opened,  the 
subsidence  of  tibe  lake  80  feet,  from  the  level  of  the  highest  to  that 
of  the  second  parallel  road,  would  follow  as  a  consequence.  I  think 
this  the  most  probable  course  of  things,  but  it  is  idso  possible  that 
Glen  Glaster  may  have  been  blocked  by  a  glacier  from  Glen  Trieg. 
The  ice  dam  continuing  to  retreat,  at  lengtii  permitted  Glen  Boy  to 
connect  itself  with  upper  Glen  Spean.  A  continuous  lake  then  filled 
both  glens,  the  level  of  which,  as  already  explained,  was  determined 
by  the  col  at  Makul,  above  the  head  of  Loch  Laggan.    The  last 


Digitized  by  VjOOQIC 


244  Profeisor  TyndaU  [June  9, 

to  yield  was  the  portion  of  the  glacier  which  derived  nutrition  from 
Ben  Nevis,  and  prohablj  also  from  the  mountains  north  and  south 
of  Loch  Arkaig.  But  it  at  length  yielded,  and  the  waters  in  the  glens 
resumed  the  courses  which  they  pursue  to-day. 

For  the  removal  of  the  ice  burriers  no  cataclysm  is  to  be  invoked ; 
the  gradual  melting  of  the  dam  would  produce  the  entire  series  of 
phenomena.  In  sinking  from  col  to  col  the  water  would  flow  over  a 
melting  barrier,  the  surface  of  the  imprisoned  lake  not  remaining  suf- 
ficiently long  at  any  particular  level  to  produce  a  shelf  comparable  to 
the  parallel  roads.  By  temporary  halts  in  the  process  of  melting 
due  to  atmospheric  conditions  or  to  the  character  of  the  dam  itself,  or 
through  locid  softness  in  the  drift,  small  psendo-terraoes  would  be 
formed  which,  to  the  perplexity  of  some  observers,  are  seen  upon  the 
flanks  of  the  glens  to-day. 

In  presence  then  of  the  fact  that  the  barriers  which  stopped  these 
glens  to  a  height,  it  may  be,  of  1500  feet  above  the  bottom  of  Glen  Spean, 
have  dissolved  and  left  not  a  wreck  behind ;  in  presence  of  the  fact, 
insisted  on  by  Professor  Geikie,  that  barriers  of  detritus  would  un- 
doubtedly have  been  able  to  maintain  themselves  had  they  ever  been 
there  ;  in  presence  of  the  fact  that  great  glaciers  once  most  certainly 
filled  these  valleys — that  the  whole  region,  as  proved  by  Mr.  Jamieson, 
is  filled  with  the  traces  of  their  action ;  the  theory  which  ascribes  the 
parallel  roads  to  lakes  dammed  by  barriers  of  ice  has,  in  my  opinion, 
an  amount  of  probability  on  its  side  which  amounts  to  a  practical 
demonstration  of  its  truth. 

Into  the  details  of  the  terrace  formation  I  do  not  enter.  Mr. 
Darwin  and  Mr.  Jamieson  on  the  one  side,  and  Sir  John  Lubbock  on 
the  other,  deal  with  true  causes.  The  terraces,  no  doubt,  are  due  in 
part  to  the  descending  drift  arrested  by  the  water,  and  in  part  to  the 
fretting  of  the  wavelets,  and  the  rearrangement  of  the  stirred  detritus, 
along  the  belts  of  contact  of  lake  and  hill.  The  descent  of  matter 
must  have  been  frequent  when  the  drift  was  unbound  by  the  rootlets 
which  hold  it  together  now.  In  some  cases,  it  may  be  remarked,  the 
visibility  of  the  roads  is  materially  exalted  by  differences  of  vegeta- 
tion. The  grass  upon  the  terraces  is  not  always  of  the  same  character 
as  that  above  and  below  them,  while  on  heather-covered  hills  the 
absence  of  the  dark  shrub  from  the  roads  greatly  enhances  their 
oonspicuousness. 

Beviewing  our  work,  we  find  three  considerable  steps  to  Iiave 
marked  the  solution  of  the  problem  of  the  Parallel  Heads  of  Glen  Boy. 
The  first  of  these  was  taken  by  Sir  Thomas  Dick-Lauder,  the  second 
was  the  pregnant  conception  of  Agassiz  regarding  glacier  action,  and 
the  third  was  the  testing  and  verification  of  this  conception  by  the  very 
thorough  researches  of  Mr.  Jamieson.*    To  these  may  be  added  the 

*  No  olroamstanoe,  or iDiident,  connected  with  this  dificourse  gives  me  greater 
pleasare  than  tue  recognition  of  the  valne  of  these  researches.  They  are  marked 
througliout  by  unflagging  indubtry,  by  novelty  and  acnteness  of  observation,  and 
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important  observation  of  Mr.  Milne-Home  in  Olen  Glaster;  with 
other  remarks  and  reflections  scattered  through  the  literature  of  the 
subject,  or  snggested  by  the  latest  visit  to  the  spot. 

Thus  ends  our  rapid  surrey  of  this  brief  episode  in  the  physical 
history  of  the  Scottish  hills, — brief,  that  is  to  say,  in  comparison  with 
the  immeasurable  lapses  of  time  through  which,  to  produce  its  varied 
structure  and  appearances,  our  planet  must  have  passed.  In  the 
survey  of  such  a  field  two  things  are  specially  worthy  to  be  taken 
into  account — the  widening  of  the  intellectual  horizon  and  the  re- 
action of  expanding  knowledge  upon  the  intellectual  organ  itself.  At 
first,  as  in  the  case  of  ancient  glaciers,  through  sheer  want  of  capacity, 
the  mind  refuses  to  take  in  revealed  &cts.  But  by  degrees  the  steady 
contemplation  of  these  facts  so  strengthens  and  expands  the  intel- 
lectual powers,  that  where  truth  once  could  not  find  an  entrance  it 
eventually  finds  a  home. 

[The  formation,  connection,  successive  subsidence,  and  final  dis- 
appearance of  the  glacial  lakes  of  Lochaber  were  illustrated  in  the 
discourse  here  reported,  by  a  model  constructed  under  the  supervision 
of  my  assistant,  Mr.  John  Cottrell.  Glen  Gluoy  with  its  lake  and 
road  and  the  cataract  over  its  col ;  Glen  Hoy  and  its  three  roads  with 
their  respective  cataracts  at  the  head  of  Glen  Spey,  Glen  Glaster, 
and  Glen  Spean,  were  all  represented.  The  successive  shiftings  of  the 
barriers,  which  were  formed  of  plate  glass,  brought  each  successive 
lake  and  its  corresponding  road  into  view,  while  £e  entire  removal  of 
the  barriers  caused  the  streams  to  flow  down  the  glens  of  the  model 
as  they  flow  down  the  real  glens  of  to-day.  A  map  of  the  district, 
with  the  parallel  roads  shown  in  red,  is  annexed.] 

[J.  T.] 
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other  parts  of  Lochaber  in  Scotland,  with  an  attempt  to  pioTe  that  they  are 

of  marine  origin.    PhiL  Trans.  1889,  vol.  oxziz.  p.  39. 
Sib  Chablbb  Ltell. — Elements  of  Geology.    Second  edition,  1841. 
Louis  Agasbiz.— The  Gladal  Theory  and  its  Recent  Progress — Parallel  Terraces. 

Edin.  New  Phil.  Journal,  1842.  vol.  xzxiii  p.  236. 


by  reasoning  power  of  a  high  and  varied  kind.  These  pages  had  been  returned 
"  for  press  "  when  I  learned  that  the  relation  of  Ben  Nevis  and  his  colleagues  to 
the  vapour-laden  winds  of  the  Atlantic  had  not  escaped  Mr.  Jamieson.  To  him 
obviously  the  exploration  of  Lochaber,  and  the  development  of  the  theory  of  the 
Pwallel  Koads,  has  been  a  labour  of  love. 
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Dayid  Milni  (afterwards  David  Mzlns-Home).— On  the  Parallel  Roads  of 

Lochaber ;  with  Remarks  on  the  Change  of  Relative  Leyels  of  Sea  and  Land 

in  Scotland,  and  on  the  Detrital  Deposits  in  that  Country.    Edin.  Roy.  Soc. 

Trans.  1847,  yol.  xvi.  p.  895. 
Robert  Chambebs. — ^Ancient  Sea  Margins.    Edinburgh,  1848. 
H.  D.  RooERB.— On  the  Parallel  Roads  of  Glen  Roy.    Royal  Inst.  Proceedings, 

1861,  vol.  iii.  p.  341. 
Thomas  F.  Jamieson. — Cn  the  Parallel  Roads  of  Glen  Roy,  and  their  Place  in 

the  History  of  the  Glacial  Period.    Quart.  Journal  Geol.  Soc.  1863,  yol.  xix. 

p.  285. 
Bib  Charlu  Ltbll.— Antiquity  of  Man.    1863t  p.  258. 
Rev.  R.  Booo  Watbon. — On  the  Marine  Origin  of  the  Parallel  Roads  of  Glen 

Roy.    Quart.  Joum.  Geol.  Soc.  1865,  vol.  xxii.  p.  9. 
Bib  John  LuBBOCK.~On  the  Parallel  Roads  of  Glen  Roy.    Quart.  Joum.  Geol. 

Boo.  1867,  yol.  xxiy.  p.  88. 
Cbablbb  Babbaqb. — Observations  on  the  PazaUel  Roads  of  Glen  Roy.    Quart. 

Joum.  Geol.  Soc.  1868,  yol.  xxiy.  p.  273. 
James  NiooL.-On  the  Origin  of  the  Parallel  Roads  of  Glen  Roy.    1869.    Geol. 

Soc.  Journal,  yol.  xxv.  p.  282. 
James  Nicol.~How  the  Parallel  Roads  of  Glen  Roy  were  formed.    1872.   Geol. 

Soc.  Journal,  yol.  xxviii.  p.  237. 
Major-Geksbal  Sib  Henbt   Jambb,  R.E.— Notes  on  the  Parallel  Roads  of 

Lochaber.    4to.    1874. 


GENERAL  MONTHLY  MEETING, 
Monday,  July  8,  1876. 

Sir  T.  Fredbbiok  Eluot,  E.C.M.G.  Vioe-President, 
in  the  Chair. 

Gasimir  de  GandoUe,  Esq. 

Lewis  Loaffler,  Esq. 

Charles  Heneage,  Esq.  F.R.G.S. 

The  BeY.  John  Eade  Pryor,  M.A. 

W.  Shore  Smith,  Esq. 

John  L.  Walker,  Esq. 

were  decUd  Members  of  the  Royal  Institution. 

The  Pbisknts  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  yic. : — 


American  Academy  of  ArU  and  Seieneee—'Pmoeedmm,  Vol.  XI.    8¥0.    1876. 
AnUquarieif  Society  ©/—Proceedings,  Second  Series,  Vol.  Vl.  Na  65.    8vo.    1876. 
Arnut,  Lieut,  B,  H.  BJf.  (the  ilti<Aor>-Histor7  of  New  Guinea,  Ac.    (K  101) 

8m    1876. 
ilaeitmomfoal  iSboM^,  jBmoI— Monthly  Notices,  Vol.  XXXVI.  No.  7.    8vo.    1876. 
Bombay  Branch  of  (he  Boyal  Arialic  8ociety^3oom9\y  Vol.  XI.    8to.    1876. 
Britith  ArchiteeU^  Boyal  In$tituie  o/— Sessional  Papers,  1875-6,  No.  13.    4to. 
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Cemuachi,  M.  H.  (Ihe  AtUhory-M.  Michel  Gheralier  et  le  BimdtalUame.    8yo. 

1876.    (Two  oopiea.) 
Ckemieal  Society — Journal  for  May,  1876.    8vo. 

Civil  Engineer/ Indiiution—mnvLies  of  Proceedings,  Vol.  XLIII.    8yo.    1876. 
Oroebie-Daumon,  G.  J.  Em.  (/Aa  iltit^or)— Street  Pavements.  (K  101)   8vo.    1876. 
De  Lavdeye,  M.  E.  {ihe  Author)— La  Monnaie  Bim^talliqne.  (L  16)    8vo.    1876. 
DuUon,  Franeii  8.  Eeq,   CJtJS.  MMJ.—W.  Harous:    Sooth  Australia:    its 

History,  Besomoes,  and  Productions.    8yo.    1876. 
Editon — ^American  Journal  of  Science  for  June,  1876.    8yo. 

Argonaut  for  June,  1876.    8vo. 

AthensBum  for  June,  1876.    4to. 

Chemical  News  for  June,  1876.    4ta 

Electrical  News  for  June,  1876. 

Engineer  for  June,  1876.    fol. 

Journal  for  Applied  Science  for  June,  1876.    ful. 

Nature  for  June,  1876.    4to. 

Nautical  Magazine  for  June,  1876.    8vo. 

Pharmaceutical  Journal  for  June,  1876.    8yo. 

Telegraph  Journal  for  June,  1876.    8yo. 
Franklin  Jnaitut&—Joxaml,  No.  606.    8vo.    1876. 
Oeographieal  Society^  BoycO— Proceedings,  Vol.  XX.  No.  4.    8vo.    1876. 
Gladd<me,Profe9$or  J.  H,  F.B.A— The  Argonaut,  Vol.  HI.    8vo.    1876. 
Hoyden,  Dr,  F.  O.  {VniUd  States  Oeologiety-BepoH  of  the  Geological  and  Geo- 
graphical Survey  of  the  Territories.    8vo.    1876. 
Pkotographie  Society— JonnaA,  Nos.  267,  268.    8vo.    1876. 
PreuuieAe  Akademie  der  TFtMensefta/len— Monatsberichte :  Marz,  1876.    8vo. 
Sande,  Admiral  B.  F,  (the   Superintendeniy—WaBhingUm   Astronomical   and 

Meteorological  Observations,  1873.    4to.    1875. 
Symom,  O,  J.  Eeq,  (the  Aidhory^ymons^  Monthly  Meteorological  Magazine, 
June,  1876.    8vo. 

British  BainfaU,  1875.    8vo.    1876. 
Victoria  Institute— Joumalf  No.  37.    8vo.    1876. 
Zodogieal  Society  of  London^Transactions,  Vol.  IX.  Part  8.    4to.    1876. 

Proceedings  for  1876,  Part  1.    8vo.    1876. 
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GENERAL  MONTHLY  MEETING, 

Monday,  November  6, 1876. 

Admiral  Sir  Hinbt  John  Codbinoton,  E.O.B.  Manager,  in  the  Chair. 

Robert  James  Mann,  M.D. 
John  Ralph  Shaw,  Esq. 

were  e26cie<^  members  of  the  Royal  Institution. 

The  Pbbsxnts  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

nioM 
Frtnck  Government — ^DooumoDts  Incite  Bur  rHistoire  de  Franoe : 
Ne;<ooiatioD8  aveo  la  Toacane :  Tome  Y.    4to.    1875. 
Inscriptions  de  la  Franoe :  Tome  II.    4to.     1875. 
Reoueil  des  Diplomes  MiUtaires.    Ed.  L.  Benier.    4ta    187«{. 
Lettres  Missived  de  Henri  IV. :  Tome  IX.    Supplement.    4to.    1876. 
Brasib'an  Chcemmeni— Empire  of  Brazil  at  the  Universal  Exhibition  of  1876. 
Philadelphia.    Bvo,    1876. 
H.  de  Melio :  Subsidies  to  the  Formation  of  a  Physical  Map  of  Brazil  Cwith 
Maps). 
The  Hon.  ffamtUon  Fish  {See.  State  UjS.)— Reports  of  the  Commissioners  of  the 
United  States  to  the  International  Exhibition,  Vienna,  1878.    4  vols.    8yo. 
1876. 
New  Zeaiand  GooffnnMfrf— Statistics  of  New  Zealand  for  1875.    fol.    1876. 

AgHeuUural  Society  of  England,  JBoyoI— Journal,  No.  24.    8yo.    1876. 
Atiatic  Soeiely  of  Bengal— JournaX,  1875,  Part  II.  No.  8.    8yo. 

Proceedings,  1876.    Noe.  1,  2.    8yo. 
Aiiatie  Society,  BoyaJL,  Bombay  Braw^—JoumtA,  No.  88.    8yo.    1876. 
Adronamical  Sodky,  BoycO— Monthly  Notices,  Vol.  XXXVI.    Nos.  8,  9.    8vo. 

1876. 
Bavarian  Academy  of  Scienoea,  JBoya2— Abhandlungen,  Band  XII.    Abth  2.    4to. 
1876. 
Sitzungberiohte,  1875,  Heft  3.    1876,  Heft  1.    8vo.    1876. 
BoUan  Societyof  Natural  Htstory— Memoirs,  Vol.  U,  Part  4.    Nos.  2,  3,  4.    4to. 
1875-6. 
Proceedings,  Vol.  XVIL  Parte  8,  4.    Vol  XVHI.  Parte  1,  2.    1875-6. 
Occasional  Papers,  U.    N.  M.  Hentz :  Spiders  of  the  United  Stetes.  8to.  1875. 
Britiih  ArduteeU,  Boyat  Inetitute  o/~-Sessional  Papers,  1875-6,  Nos.  11, 12.    4to. 
Britieh  Aeeoeiation  for  the  Advancement  of  Science — Report  of  the  45th  Meeting: 

Bristol,  August  1875.    8yo.    1876. 
CamtiMht,  Jlf.  £  ((As  il«iAor)—SUYer  Vindicated.    8yo.    1876. 
Chemical  Society— JauitoA  for  June-Oct.,  1876.    8vo. 

Civil  Engineen*  Inditution^ldiDuieB  of  Proceedings,  Vols.  XLIV.  XLV.  XLVI. 
8yo.    1876. 
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Conneelieut  Aeademy  of  Arti  and  Sciences — Transactionfi,  Vol.  III.  Part  1.    8vo. 

1876. 
Devonahift  Ataoeiatwn  for  the  Advancement  of  Literature^  Science,  and  Art — Report 

and  TranaactioM,  Vol.  Vm.    8vo.    1876. 
DuUin  Soeidy,  i2oya^-Joumal,  No8.  42,  48.    8yo.    1874-5. 
£U{tort— American  Journal  of  Science  for  July-Oot.  1876.    8vo. 

Argonaut  for  Jnly-Oct.  1876.    8vo. 

Athenienm  for  July-Oct.  1876.    4to. 

Chemical  News  for  Jnly-Oct.  1876.    4to. 

Engineer  for  Jnly-Oct.  1876.    fol. 

Horological  Journal  for  July-Oct.  1876.    8vo. 

Journal  for  Applied  Science  for  July-Oct  1876.    fol. 

Katui«  for  July-Oct.  1876.    4ta 

Nautical  Magazine  for  July-Oct  1876.    8vo. 

Pharmaceutical  Journal  for  July-Oct.  1876.    8to. 

Quarterly  Journal  of  Sciences  for  July  and  Oct  1876.    8to. 

Telegraph  Journal  for  July-Oct  1876.    870. 
Fmti&2tfi  Jfutt<u<»-Joumal,  N06.  607,  608,  609,  610.    8yo.    1876. 
Geoaraphical  Society,  JSoyo^— Proceedings,  Vol.  XX.    Kos.  5,  6.    8vo.    1876. 
OeUogical  InMtOe,  Imperial,  Ftenno— Jahrbuch,  1876.    No.  2.    8Yd.    1876. 

Verhandlungen,  1876.  Nos.  7-10.  8yo.  1876. 
Geological  iSiocM^y— Journal,  No.  127.  8to.  1876. 
Oeologioal Surveyof  India— Uemoin,  Vol.  XI.  Part  2.    8yo.    1875. 

Beoords,  Vol.  IX.  Parte  1,  2,  3.    8vo.    1876. 

PalflBontologia  Indica :  Jurassic  Fauna  of  Eutch.    Vol.  I.  No.  4.    1875. 
GUugaw  Fhiloeophiedl  iSbeteey— Proceedings,  Vol.  X.  No.  1.    8to.    1876. 
Heywood,  James,  Esq,  FJLI  MM.L  (the  j:difor)— Professor  Heer:   Primasval 

World  of  Switzerland.    2  vols.    8vo.    1876. 
Eua  Literary  and  Philosophical  /9ooMy— Beport,  1875-6.    8to.    1876. 
Iron  and  Sted  In8tt£ute--JoxiTnB\,  1876,  No.  1.    8vo.    1876. 
Jaokecm,  L,  D*±  Esq,  MM  J,  ((he  ilti(Aor)— Simplified  Weights  and  lieasuKS. 

8vo.    1876. 
Linnean  /SSoctefy— Transactions :  Second  Series :  Botany,  VoL  I.  Part  8 ;  Zoology, 
Vol.  I.  Part  a    4to.    1876. 

First  Series:  General  Index,  Vols.  XXVI.-XXX.    4to.    1876. 

Proceedings,  Nos.  64,  65 ;  84,  85,  86.    8yo.    1876. 
Mandiester  Oeologieal  iSocitffy— Transactions,  Vol.  XIV.    Part  4.    8vo.    1876. 
Manchester  Literary  and  Philosophical  Sociely — Memoirs.    3rd  series.    Vol.  V 
1876. 

Proceedings,  Vol.  XV.    8vo.    1876. 

Catalogue  of  Ldbrary.    8yo.    1875. 
Mechanicat  Engineer^  InstittUion  —Proceedings,  May,  1876.    8vo. 
Medical  and  Chirurgical  Society.  i^oyo^-Prooeedings,  Part  43.    8to.    1876. 
Meteorological  O/^os— Beport  (tt  Meteorological  Gonmiittee  of  the  Boyad  Society 
for  1875.    8vo.    1876. 

Meteorology  of  Japan.    4to.    1876. 
Meteordogical  Office  of  Canada— Beporto  of  Obsenratories  of  Canada,  1875.    8yo. 
Meteorological  Society— Qoaaietly  Journal,  No.  19.    1876. 

Catalogue  of  Library.    8to.    1876. 
Musical  ^«M>cia<ton— Proceedings :  Second  Session.    1875-6.    8yo. 
Norfolk  and  Norwich  NaturaUst^  /Socts^y— Transactions.    1869-76.    2  rols.    8to. 
North  of  En^nd  InstUuU  of  Engineers— TnnasictiouB,  Vol.  XIX.-XXIV.    8to. 

1869-75. 
Philadelphia  Academy  of  Natwral  Sciences— Ptoceedings,  1875.    8to. 
PhUograpUc  Society— Soxnn^  Nos.  267,  268.    8to.    1876. 
Preussiacke  AJcademie  der   Wissenschaften — Monateberichte :    April-July,  1876. 

8vo. 
Boyal  Sociely  of  JUetfro^ure— Transactions,  Vol.  XI.  Part  2.    8vo.    1876. 
Vol.  vm.    (No.  65.)  8 
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Royal  Sooidy  of  XonAwi— Proceedings,  Noa.  170, 171, 172, 173.    8vo.    1876. 

Philosophical  Transactions,  Vol.  OLXV.  Part  2.    4to.     1876. 
Saxon  Society  of  Sdeneea,  JB(wa2— Abhandlungen :  Band  XY.  Nos.  7,  8,  9 :  1874. 
Band  XVL  No.  6 :  1874.    Band  XVH.  Nos.  2,  3,  4 ;  1874-6.    Band  XVm. 
Noe.  1-6.    8to.    1874-5. 
Berichte ;  Phil.  Hist  Glasse :  1873, 1874 :  1875,  No.  1.    8vo. 
Math,  Phys.  Olasse:  1873,  Nos.  3,  4,  5,  6.    1874.     1875,  No.  1. 
fTto^Metba!  iSbotaey—Joomal,  Vol.  XXXIX.  Parts  2,  3.    8yo.    1876. 
Stockholm^   Boyal   Academy  of  igggncea— Handlingar,  Bandet    XI.  and  Atlas. 
1872-5.    Bihaog,  Bandet  IIL    Hafte  1.    8yo.    1875. 
Ofversigt,  1875.    8vo. 
St,  PelenSurg,  'Acad^mie  de%  ^S^oisnoM— Tableau  G^n^rale  des  Mati^es  oontenues 
dans  ses  Publications.    Partie  1.    8vo.    1872. 
Bulletins,  Tome  XX.  Nos.  3,  4 ;  Tome  XXI.  Tome  XXII.  Nos.  1,  2.    4to. 

1875-6. 
M^moires.    7«  8^ie.    Tome  XXII.  Nos.  4-10 ;  Tome  XXIII.  No.  1.    1875. 
Bepertorium  fiir  Meteorologie.    Band  Y.  Heft  1.    4to.    1876. 
St.  Petersburg  Central  Physieal  Observatory—AimBXen,  1874.    4to.    1876. 
SymoMt  O.  J,  Esq,  {the  AuthorySjmouB*  Monthly  Meteorological  Magazine, 

July-Oot  1876.    8vo. 
Tremauxj  M,  P.  (tlie  ^tt<Aor)~Princip6  Universel  du  Mouvement,  &o.    3rd  ed. 

16».     Paris,  1876. 
TyndaU,  Profesior,  D,C.L,  FM.S,  M.R.L  {the  ^utftor)— Lessons  in  Electricity. 

8vo.    1*6. 
United  Service  Inetiiution,  Boyoi— Journal,  Noe.  84,  86,  87.    8vo.    1876. 
Vereins  zur  Beffrderung  de$  Gewerhfleiises  in  Preuseen — ^Verhandelungen.    Marz, 

April,  Mai,  Juni,  Juli,  1876.    4to. 
Victoria  iMtUuie—Jovantd,  No.  38.    Sto.    1876. 

Canon  Birks :  On  the  Uncertainties  of  Modem  Physical  Science.    8vo.    1876. 
Vincent,  B.  Libr,  BJ.  (the  Editor)— HAydn'a  Dictionary  of  Dates.    Fifteenth 

edition.    (Two  Copies.)    8vo.    1876. 
Yorhshire  Arehaological  and  Topographical  ABSociation — Journal,  Fart  15.    8vo. 

1876. 
Yorkshire  Philosophical  Society— Report  for  1875.    8vo.    1876. 
Young,  James,  Esq,  and  Dr,  K,  Angus  Smith  (Editor)— T,  Graham :  Chemical  and 

Physical  Researches.    (Privately  printed.)    1876. 
Zoological  iSSocie^y— Transactions,  Vol.  IX.  Part  9.    4to.    1876. 
Proceedings,  1876,  Parts  2,  3.    8yo. 
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QENBKAL  MONTHLY  MEETING, 

Monday,  December  4, 1876. 

Sir  T.  Fbkdsbiok  Elliot,  KO.M.G.  Vice-President, 
in  the  Chair. 

Major  J.  F.  D.  Donnelly,  RE. 

Mrs.  L.  E.  J.  Elwes, 

Edward  Herries,  Esq.  G.B. 

Frederick  John  Homiman,  Esq.  F.L.S.  F.RG.S.  F.Z.S.  &c. 

Samuel  Joshna,  Esq. 

William  Oonliffe  FickersgiU,  Esq. 

Evan  Wynne  Roberts,  Esq. 

Henry  Bowden  Smith,  Esq. 

Sydney  Thompson,  Esq. 

Mrs.  Tyndall, 

were  deded  Members  of  the  Boyal  Institution. 

The  Special  Thanks  of  the  Members  were  given  to  Mr.  William 
Edwabd  Eilbubn  for  his  Presents  of  a  large  Thermopile,  a  Uranium 
Vacuum  Tube,  and  Optical  Apparatus  for  producing  Lissajous' 
Figures. 

The  Pbesints  receiTod  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

IHOM 

^iiaiiCiSbdeeyo/Befi^a^— Journal,  1876,  Parti.  No.  1.    Part  U.  Nob.  1,  2.    8yo. 

Proceedinga,  1876.    Nob.  a-7.    8yo. 
Bradlee,  Rev,  C.  D.  (tfta  AtUhor}— The  TeaduDgs  of  the  Mountaina :  a  Sermon. 

(KlOl)    8yo.    1876. 
BritUh  ArchUecU,  RoytU  Institute  o/— Sesdonal  Pa^rs,  1876-7  :  No.  1.    4to. 
British  Mtueum  Trustees— Fsuc  Similea  of  Egyptian  Hieratic  Papyrna  of  the 
Beign  of  Rameaea  III.    fol.    1876. 

Catalogue  of  Oriental  Goina,  Vol.  II.    8vo.    1876. 

Oatalogne  of  Greek  OoinaCSicUy).    8yo.    1876. 

Catalogue  of  Sanakrit  and  Pall  Booka.    4to.    1876. 

Fac  SimUea  of  Ancient  Ohartera.    Part  II.    fol.    1876. 

Catalogue  of  Foaail  Beptilia  of  South  Africa.    (Oluatrated.)    4to.    1876. 
Chemical  Society— Jonmtil  for  Nov.  1876.    8vo. 
dtfiiool  So«Wy— Tranaactiona,  Vol.  IX.    8?o.    1876. 
Cornwall  Polytechnic  Society  —Forty-third  Beport,  1875.    8vo. 
Craeroft,  Bernard,  Esq,  M,RJ.  {the  Author)— Traaieesf  Guide.    12th  ed.    4to. 
1876. 

Lettera.    8m    1876. 
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EdUori — American  JourDal  of  Science  for  Not.  1876.    8vo. 

Argonaut  for  Nov.  1876.    8vo. 

AtheniBum  for  Not.  1876.    4to. 

Chemical  News  for  Nor.  1876.    4to. 

Electrical  News  for  Nov.  1876. 

Engineer  for  Nov.  1875.    foL 

Horological  Journal  for  Nov.  1876.    8vo. 

Journal  for  Applied  Science  for  Nov.  1876.    fol. 

Nature  for  Nov.  1875.    4to. 

Nautical  Magazine  for  Nov.  1876.    8vo. 

Pharmaceutical  Journal  for  Nov.  1876.    8vo. 

Quarterly  Journal  of  Sciences  for  Nov.  1876.    8vo. 

Telegraphic  Journal  for  Nov.  1876.    8vo. 
Franklin  IndUute—JonTnal,  No.  611.    8vo.    1876. 
Oeologicdl  Society— QuBiietly  Journal,  No.  128.    8vo.    1876. 
HaUitoeU-PhiUipp$,  J,0,  Etq,  {the  ^tit^)>-Illnstration8  of  the  Life  of  Shakespeare, 

Parti,    fol.    1874. 
Jablonow$hC$eh6  Oe$dUehaft,  Letjwu>— Preisschriften,  XIX.  XX.    4ta    1876. 
Leeds  FhilMophieal  Society— ^^yoii  for  1875-6.    8vo. 

Liverpool  LUcraryjand  Ph&oeophieal  fii)ot«^— Proceedings,  No.  30.    8vo.    1876. 
Meehaniccd  Engineer^  Jfuttftiiton— Proceedings,  July,  1876.    8vo. 
Medical  and  Chirurgioal  Society,  BoyoZ— Transactions,  Vol.  LIX.    8vo.    1876. 
Meteorological  iSboitf^— Quarterly  Journal,  No.  20.    8vo.    1876. 
Phonographic  Society— Joxodb},  New  Series,  Nos.  1.  2.    8vo.    1876. 
Pretmiiche  Akademie  der  TTisMiMc^/lttffi— Monatsberichte:  Aug.  1876.    8vo. 
Boyal  Society  of  London— Proceedmrn,  JSo.  17^.    8vo.    1876. 
Symom,  Q,  J,  Esq.  (the  Author)— bjmoTiB*  Monthly  Ifeteorological  Magazine, 

Nov.  1876.    8vo. 
Victoria  Inetitute—JovanBl,  No.  39.    8vo.    1875. 
Warden  of  the  Standards— Tenth  Annual  Report.    8vo.    1876. 

The  following  arrangements  of  the  Lectures  before  Easter,  1877, 
were  annonnced : — 

Professor  John  Hall  OLADsroxne,  Ph.D.  F.B.8.— 8iz  Lectures  adapted  to 
a  Juvenile  Auditory,  on  the  Ohemistry  of  Fire ;  on  Dec  28  (Thursday),  30, 1876  ; 
Jan.  2,  4,  6,  9,  1877. 

PROrBSSOR  Alfbid  H.  Gabbod,  M.A.  F.B.8.— Ten  Lectures  on  the  Human 
Form;  its  Structure  in  relation  to  its  Contour;  on  Tuesdays,  Jan.  16  to 
March  20. 

Dr.  G.  B.  Aldeb-Wbioht,  F.O.S.— Four  Lectures  on  Metals  and  the  Chief 
Industrial  Uses  of  these  Bodies  and  their  Ccmipounds;  on  Thursdays,  Jan.  18 
to  Feb.  8. 

William  Pole,  Esq.  F.B.S.  Mu8.Doc — Six  Lectures  on  the  Theory  of  Music ; 
on  Thursdays,  Feb.  15  to  March  22. 

Ernst  Paubb,  Esq.— Two  Lectures  on  the  Nature  of  Music:  the  Italian, 
French,  and  German  Schools ;  on  Saturdays,  Jan.  20,  27. 

J.  A.  Sthondb,  Esq. — ^Three  Lectures  on  Florence  and  the  Medici;  on 
Saturdays,  Feb.  3  to  17. 

Pbofbssob  Hbkbt  Moblet. — Five  Lectures  on  Effects  of  the  French  Bevolu- 
tion  upon  English  Literature ;  on  Saturdays  Feb.  24,  to  March  24. 


Professor  Ttkdall  will  give  a  Course  of  Lectures  after  Easter. 
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iSosal  inatimion  ot  <Srteat  iSritain. 

WEEKLY  EVENING  MEETING, 

Friday,  January  19,  1877. 

Sib  W.  Fbedkbiox  Follogk,  Bart.  MA.  Vio^-President,  in  the  Chair. 

Pbotbbsob  Ttitdall,  D.O.L.  LL.D.  F.R.S. 

A  Cambai  with  an  Infective  Aimoaphere. 

[Abfitzaot  Deferred.] 


WEEKLY  EVENING  MEETING, 

Friday,  January  26, 1877. 

William  Spotti8woodb,  LL.D.  Tr.B.S.  Secretary  and  Vio&- 
PreBident,  in  the  Chair. 

Sib  John  Lubbock,  Bart  M.P.  D.CX.  F.B.8.  M,B1. 

The  Habite  of  AnU. 

Thb  Anthropoid  apea  no  doubt  approach  nearer  to  man  in  bodily 
stmctnre  than  do  any  other  animalB ;  but  when  we  consider  the  habits 
of  ants,  their  social  organisation,  their  large  communities,  elaborate 
habitations,  their  roadways,  their  possession  of  domestic  ammftlff^  and 
eyen,  in  some  oases,  of  slayes,  it  must  be  admitted  that  they  haye 
a  fair  claim  to  rank  next  to  man  in  the  scale  of  intelligence.  They 
present,  moreoyer,  not  only  a  most  interesting  bat  alM>  a  yery  ex- 
tensiye  field  of  study.  In  this  country  we  haye  nearly  thirty  species ; 
but  ants  become  more  numerous,  in  species  as  well  as  indiyiduals, 
in  warmer  countries,  and  more  than  seyen  hundred  kinds  are  known. 
Eyen  this  large  number  certainly  is  Ux  short  of  those  actually  in 
existence. 

I  haye  kept  in  captiyity  nearly  half  of  our  British  spedes  of  ants, 
and  at  the  present  moment  haye  in  my  room  more  than  thirty  nests, 
belonging  to  about  twenty  species,  some  of  which,  howeyer,  are  not 
English.  No  two  species  are  identical  in  habits;  and,  on  yarious 
accounts,  their  mode  of  life  is  Ux  from  easy  to  unrayeL  Li  the  first 
place,  most  of  their  time  is  passed  underground :  all  the  education  of 
the  young,  for  instance,  is  carried  on  in  the  dark.  Agun,  ants  are 
essentially  gregarious ;  it  is  in  some  cases  difficult  to  keep  a  few  aliye 
by  themaelyes  in  captivity,  and  at  any  rate  their  habits  under  such 
drcumstances  are  entirely  altered.    If,  on  the  other  hand,  a  whole 
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oommnnity  is  kept,  then  the  greater  number  introduces  a  firesh  element 
of  difficulty  and  complexity.  Moreover,  within  the  same  species,  the 
individuals  seem  to  differ  in  character,  and  even  the  same  individual 
will  behave  very  differently  under  different  circumstances.  Although, 
then,  ants  have  attracted  the  attention  of  many  naturalists,  Gk)idd, 
De  Geer,  Swammerdam,  Latreille,  Leuwenhoeck,  Huber,  and  have 
recently  been  the  t)bjeot  of  interesting  observations  by  Frederick 
Smith,  Belt,  Moggridge,  Bates,  Mayr,  Emery,  Ford,  and  others, 
they  still  present  one  of  the  most  promising  fields  for  observation 
and  experiment. 

The  larvfe  of  ants,  like  those  of  bees  and  wasps,  are  small,  white, 
legless  grubs,  somewhat  conical  in  form,  being  narrow  towurds  the 
heeid.  They  are  carefully  tended  and  fed,  being  carried  about  from 
chamber  to  chamber  by  the  workers,  probably  in  order  to  secure  the 
most  suitable  amount  of  warmth  and  moisture.  I  have  observed 
also  that  they  are  very  often  sorted  according  to  age.  It  is  some- 
times very  curious  in  my  nests  to  see  them  divided  into  groups 
according  to  size,  so  that  they  remind  one  of  a  school  divid^  into 
five  or  six  classes.  When  full  grown  they  turn  into  pups,  sometimes 
naked,  sometimes  covered  with  a  silken  cocoon,  constituting  the  so- 
called  ''ant-eggs."  After  remaining  some  days  in  this  state,  they 
emerge  as  pe^ect  insects.  In  many  cases,  however,  they  would 
perish  in  the  attempt,  if  they  were  not  assisted;  and  it  is  very  pretty 
to  see  the  older  ants  helping  them  to  extricate  themselves,  carefully 
unfolding  their  legs  and  smoothing  out  the  wings,  with  truly  feminine 
tenderness  and  ddicacy. 

Under  ordinary  circumstances  an  ants'  nest,  like  a  beehive,  consists 
of  tltfee  kinds  of  individuals :  workers,  or  imperfect  females  (which 
constitute  the  great  nugority),  maLss,  and  p^ect  females.  There 
are,  however,  often  several  females  in  an  ants'  nest ;  while,  as  we  all 
know,  there  is  never  more  than  one  queen  in  a  hive.  The  queens 
have  wings,  but  after  a  single  flight  they  tear  off  their  own  wings, 
and  do  not  again  quit  the  nest  In  addition  to  the  ordinary  workers 
there  is  in  some  species  a  second,  or  rather  a  third,  form  of  female. 
In  dmoet  any  ants'  nest  we  may  see  that  ihe  workers  differ  more  or 
less  in  size.  The  amount  of  difference,  however,  depends  upon  the 
species.  In  LeuiuB  niger^  the  small  brown  garden  ant,  the  workers 
are,  for  instance,  much  more  uniform  than  in  the  little  yellow  meadow 
ant^  or  in  AUa  harbaraf  where  some  of  them  are  more  tiian  twice  as 
lai^  as  others.  But  in  certain  ants  there  are  differences  still  more 
remarkable.  Thus,  in  a  Mexican  species,  besides  the  common  workers, 
which  have  the  form  of  ordinanr  neuter  uits,  there  are  certain  others 
in  which  the  abdomen  is  swollen  into  an  immense  sub-diaphuious 
sphere.  These  individuals  are  very  inactive,  and  principally  occupied 
in  daborating  a  kind  of  honey.*  In  the  genus  PhMole,  very  com* 
mon  in  southern  Europe,  there  are  also  two  distinct  forms  without 

*  Westwood, '  Modem  Glass,  of  Insects,'  voL  ii.  p.  225. 
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any  intermediate  gradations ;  one  witb  heads  of  the  nsnal  proportion^ 
and  a  seoond  wiUi  immense  heads  provided  with  very  Surge  jaws. 
These  latter  are  generally  supposed  to  act  as  soldiers,  and  the  size  of 
the  head  enables  the  mnscles  which  move  the  jaws  to  be  of  nnnsual 
dimensions,  though  the  little  ones  are  also  very  pngnaoions.  This 
di£forentiation  of  certain  individuals  so  as  to  adapt  them  to  special  ' 
functions  seems  to  me  very  remarkable ;  for  it  most  be  remembered 
that  the  difference  is  not  one  of  age  or  sex. 

The  food  of  ants  consists  of  insects,  great  nnmbers  of  which  they 
destroy ;  of  honey,  honeydew,  and  fruit ;  indeed,  scarcely  any  animid 
or  sweet  substance  comes  amiss  to  them.  Some  species,  such,  for 
instance,  as  the  small  brown  garden  ant,  ascend  bushes  in  search  of 
aphides.  The  ant  then  taps  the  aphis  gently  with  her  antennn,  and 
the  aphis  emits  a  drop  of  sweet  fluid,  which  the  ant  drinks.  Some- 
times the  ants  even  build  covered  ways  up  to  and  over  the  aphides, 
which,  moreover,  they  protect  from  the  attacks  of  other  insects.  Our 
English  ants  do  not  collect  provision  for  the  winter ;  indeed,  their 
food  is  not  of  a  nature  which  would  admit  of  this.  8ome  southern 
species,  however,  collect  grain,  occasionally  in  considerable  quantities. 
Moreover,  though  our  English  ants  cannot  be  said  exactly  to  lay  up 
stores,  some  at  least  do  te^e  steps  to  provide  themselves  with  food 
in  the  fntura  The  small  yellow  meadow  ant  {Latiua  flamu),  for 
instance,  lives  principally  on  the  honeydew  of  certain  apHdes  which 
suck  the  roots  of  grass.  The  ants  collect  the  aphides  in  the  nest, 
not  only  watching  over  them  themselves,  but,  as  I  have  been  able 
to  satisfy  myself,  even  over  their  ^gs,  an  act  which  one  is  much 
tempted  to  refer  to  forethought,  and  which  in  such  a  case  implies  a 
degree  of  prudence  superior  to  that  of  some  savages.  Besides  these 
aphides,  many  other  insects  live  in  ants'  nests.  If  ihey  are  to  be 
regarded  as  domestic  animals,  then  ants  have  more  domestio  animals 
than  we  have.  The  majority  of  these  ant  guests  are  beetles.  Some 
of  them,  as,  for  instance,  the  curious  little  OUmgery  are  quite  blind, 
and  are  only  found  in  ants'  nests,  the  ant  taking  just  as  much  care 
of  them  as  of  their  own  young.  It  is  evident,  th^efore,  that  in 
some  way  they  are  useful  or  agreeable  to  the  ants.  The  subject, 
however,  is  one  as  yet  but  little  understood,  and  very  difEicult  to 
study.  Orimm  and  Lesp^s  consider  that  some  of  these  beetles  secrete 
a  sweet  fluid  like  the  aphides,  and  from  analogy  this  seems  probable. 
Other  creatures  which  habitually  live  in  ants'  nests,  like  tiie  little 
Bedda  dbinai,  or  the  blind  woodlouse  (Plaiyarikrus)^  perhaps  make 
themselves  useful  as  scavengers. 

Nor  are  ants  without  their  enemies.  In  addition  to  birds  and 
other  larger  foes,  if  you  disturb  a  nest  of  the  brown  ants  at  any 
time  during  the  summer  you  will  probably  see  some  very  small  flies 
hovering  over  them,  and  every  now  and  then  making  a  dash  at 
some  ptracular  ant.  These  flies  belong  to  the  genus  Phora^  and  to 
a  species  hitherto  unnamed,  which  Mr.  Yerrall  has  been  good  enough 
to  describe  for  me.    They  lay  their  eggs  on  the  ants,  inside  which 
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the  larva  live.  Other  species  of  the  genus  are  in  the  same  way  para- 
sitic on  heee.  On  the  14th  of  October  last  I  observed  that  one  of 
my  ants  had  a  mite  attached  to  the  underside  of  its  head.  The  mite, 
which  is  still  in  the  same  position,  is  almost  as  large  as  the  head. 
The  ant  cannot  remove  it  herself.  She  has  never  come  out  of  the  nest, 
so  that  I  could  not  do  it  for  her,  and  none  of  her  own  companions 
from  that  day  to  this  have  thought  of  performing  this  kind  office. 

In  character  the  different  species  of  ants  differ  very  much  from 
one  another.  JP.  /u9ca^  the  one  which  is  pre-eminently  the  enslaved 
ant,  is,  as  might  be  expected,  extremely  timid;  while  the  nearly 
allied  F.  einerea  has,  on  the  contrary,  a  considerable  amount  of 
individual  audacity.  F.  rufa^  the  horse  ant,  according  to  M.  Forcd, 
is  especially  chancterised  by  the  want  of  individual  initiative,  and 
always  moves  in  troops;  he  also  regards  the  genus  Formica  as  the 
most  brilliant,  though  some  others  excel  it  in  other  respects,  as,  for 
instance,  in  the  sharpness  of  their  senses.  F.  prcUensU  worries  its 
slain  enemies;  F,  sanguinea  never  does.  The  slave-making  ant 
(P.  rufesceru)  is,  perhaps,  the  bravest  of  alL  If  a  single  individual 
finds  herself  surroi^ded  by  enemies,  she  never  attempts  to  fly,  as  any 
other  ant  would,  but  transfixes  her  opponents  one  after  another, 
springing  right  and  left  with  great  agility,  till  at  length  she  succumbs, 
overpowered  by  numbers.  M,  scabrinodia  is  cowardly  and  thievish  ; 
during  wars  among  the  larger  species  they  haunt  the  iMtttle-fields  and 
devour  the  dead.  Tetramorium  is  said  to  be  very  greedy ;  Miprmeeifia 
very  phlegmatic. 

In  industry  ants  are  not  surpassed  even  by  bees  and  wasps.  They 
work  all  day,  and  in  warm  weaUier,  if  need  be,  even  at  night  too.  I 
once  watched  an  ant  from  six  in  the  morning,  and  she  worked  without 
intermission  till  a  quarter  to  ten  at  night  I  had  put  her  to  a  saucer 
containing  larvsB,  and  in  this  time  die  carried  off  no  less  than  a 
hundred  and  eighty-seven  to  the  nest.  I  once  had  another  ant,  which 
I  employed  in  my  experiments,  under  observation  several  days. 
When  I  came  up  to  London  in  the  morning,  and  went  to  bed  at  night, 
I  used  to  put  her  in  a  small  bottle,  but  iSke  moment  she  was  let  out 
she  began  to  work  again.  On  one  occasion  I  was  away  from  home  for 
a  week.  On  my  return  I  let  her  out  of  the  bottle^  placing  her  on  a 
little  heap  of  larva  about  three  feet  from  the  nest.  Under  these 
circumstances  I  certainly  did  not  expect  her  to  return.  However, 
though  she  had  thus  been  six  days  in  confinement,  the  brave  little 
creature  immediately  picked  up  a  larva,  carried  it  off  to  the  nest, 
and  after  half  an  hour's  rest  returned  for  another. 

We  have  hitherto  very  little  information  as  to  the  length  of  life 
in  ants.  8o  far,  indeed,  as  the  preparatory  stages  are  concerned, 
there  is  little  difficulty  in  approximately  ascertaining  the  facts; 
namely,  that  while  they  take  only  a  few  weeks  in  summer,  in  some 
species,  as  our  small  yellow  meadow  ants,  the  autumn  larvn  remaiB 
with  comparatively  little  change  throughout  the  winter.  It  is  mach 
more  difficult  to  ascertain  the  length  of  life  of  the  perfect  insect,  on 
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flcoonnt  of  their  gregarious  habits,  and  the  difScnlty  of  recognising 
individnal  ants.  It  has,  however,  generally  been  supposed  that  they 
live  aboat  a  season,  and  this  is  probably  the  case ;  bat  I  have  still 
some  workers  of  F.  cinerea,  which  I  captured  at  Gastellamare,  in 
November,  1875,  and  some  of  F,  sanguinea  and  JP.  fusea  since 
September  in  that  year.  They  mnst  now,  therefore,  be  at  least  a  year 
and  a  half  old.  I  have  also  some  qneens  of  F.  fusca  which  have  been 
with  me  since  December,  1874,  and  still  seem  in  perfect  health.  If 
they  lived  mnch  longer,  and  conld  compare  their  expbriences,  cnts 
wonld,  from  their  immense  numbers,  even  in  temperate  regions,  con- 
tend with  mankind  on  no  such  very  unequal  terms. 

The  behaviour  of  ants  to  one  another  differs  very  much  accord- 
ing as  they  are  alone  or  supported  by  numerous  companions.  An 
ant  which  would  run  away  in  the  first  case,  will  fight  bravely  in  the 
second. 

It  is  hardly  necessary  to  say  that,  as  a  general  rule,  each  spedes 
lives  by  itself.  There  are,  however,  some  interesting  exceptions. 
The  lit&e  Stenamma  Westwoodii  is  found  exclusively  in  the  nests  of 
the  much  larger  JP.  rufa  and  the  allied  F.pratensia.  We  do  not  know 
what  the  relations  between  the  two  species  are.  The  Stenammas^ 
however,  follow  the  FormieoB  when  they  change  their  nest,  running 
about  among  them  and  between  their  legs,  tapping  them  inquisitively 
with  their  antenna,  and  even  sometimes  climbing  on  to  their  backs, 
as  if  for  a  ride,  while  the  large  ants  seem  to  take  little  notice  of  ^em. 
They  almost  seem  to  be  the  dogs,  or  rather  cats,  of  the  ants. 
Another  small  species,  SolenopsU  fugaxy  which  makes  its  chambers 
and  galleries  in  &e  walls  of  &e  nests  of  larger  species,  is  the  bitter 
enemy  of  its  hosts.  The  latter  cannot  get  at  them,  because  they  are 
too  large  to  enter  the  gidleries.  The  little  Solenopsis,  therefore,  are 
quite  (mfe,  and,  as  it  appears,  make  incursions  into  the  nurseries  of 
&e  larger  ant,  and  carry  off  the  larvas  as  food.  It  is  as  if  we  had 
small  dwarfs,  about  eighteen  inches  to  two  feet  long,  harbouring  in 
the  walls  of  our  houses,  and  every  now  and  then  carrying  off  some  of 
our  children  into  their  horrid  dens. 

Most  ants,  indeed,  will  carry  off  the  larvae  and  pupae  of  others  if 
they  get  a  chance ;  and  this  explains,  or  at  any  rate  throws  some 
light  upon,  that  most  remarkable  phenomenon,  the  existence  of  slavery 
among  ants.  If  you  place  a  number  of  larva  and  pupae  in  front  of  a 
nest  of  the  horse  ant,  for  instance,  they  are  soon  carried  off;  and 
those  which  are  not  immediately  required  for  food  remain  alive  for 
some  days,  though  I  have  never  been  able  to  satisfy  myself  whether 
they  are  fed  by  their  captors.  Both  the  horse  ant  and  the  slave  ant 
(F,  fusca)  are  abundant  species,  and  it  must  not  unfrequently  occur 
that  the  former,  being  pressed  for  food,  attack  the  latter  and  carry 
off  some  of  their  larvae  and  pupae.  Under  these  circumstances  it  occa- 
sionally happens  that  the  pupae  come  to  maturity  in  the  nests  of  the 
horse  ant,  and  nests  are  sometimes,  though  rarely,  found  in  which, 
with  the  legitimate  owners,  there  are  a  few  F.  faseas.    With  the  horse 
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ftnt  ttuB  is,  bowerer,  a  very  rare  and  exceptional  pbenomenon ;  but 
with  an  allied  species,  F.  samguineay  a  species  which  exists  in  onr 
sonthem  comities  and  throu^ont  Europe,  it  has  become  an  estab- 
lished habit  The  F.  sanguineoM  make  periodical  expeditions,  attack 
neighbouring  nests  of  F.  fusea^  and  carry  off  the  pnpaB.  When  the 
latter  come  to  maturity,  they  find  themselves  in  a  nest  consisting 
partly  of  F.  mMmgutneaa^  partly  of  F.  /iwoeu,  the  resolts  of  previons 
expeditions.  They  adapt  themselves  to  circnmstances,  assist  in  the 
ordinary  honsehold  duties,  and,  having  no  young  of  their  own  spedes, 
feed  and  tend  those  of  the  F.  $anguineas.  But  though  the  F.  Mnguineas 
are  thus  aided  by  the  F,  fuacaSy  they  have  not  themselves  lost  the  in- 
stinct of  working.  It  seems  not  improbable  that  there  is  some 
division  of  functions  between  the  two  species,  but  we  have  as  yet 
no  distinct  knowledge  on  this  point ;  and  at  any  rate  the  F.  aanguineas 
can  ^  do  "  for  themselves,  and  carry  qn  a  nest,  if  necessary,  without 
slaves. 

In  another  species,  however,  Polyergua  rufe$eenM^  which  is  not 
British,  this  is  not  the  case.  They  present  a  striking  lesson  of  the 
degrading  tendency  of  slavery,  for  they  have  become  entirely  de- 
pendent on  their  slaves.  Even  their  bodily  structure  has  undergone 
a  change:  their  mandibles  have  lost  their  teeth,  and  have  become 
mere  nippers,  deadly  weapons  indeed,  but  useless  except  in  war. 
They  have  lost  the  greater  part  of  their  instincts :  their  art,  that  is, 
the  power  of  building ;  their  domestic  habits,  for  they  take  no  care  of 
their  own  young,  all  this  being  done  by  the  slaves ;  their  industry — 
they  take  no  part  in  providmg  the  daily  supplies;  if  the  colony 
changes  the  situation  of  its  nest,  the  masters  are  all  carried  by  the 
slaves  to  the  new  one ;  nay,  they  have  even  lost  the  habit  of  feeding* 
Huber  placed  thirty  of  them  with  some  larvsa  and  pupsB  and  a  supply 
of  honey  in  a  box. 

**  At  first,"  he  Bays,  **  they  appeared  to  pay  some  little  attention  to  the  larrse ; 
they  carried  them  here  and  were,  but  preaentiy  replaced  them.  More  than  one- 
half  of  the  Amaaeons  died  of  hanger  in  leas  than  two  days.  They  had  not  even 
traced  out  a  dwelling,  and  the  few  ants  still  in  exLstenoe  were  languid  and 
without  strength.  1  commiserated  their  condition,  and  gave  them  one  of  Uieir 
black  companions.  This  individual,  unassisted,  ei^blished  order,  formed  a 
chamber  in  the  earth,  gathered  together  the  larv»,  extricated  several  young  ants 
that  were  ready  to  quit  the  condition  of  pupie,  and  preaerved  the  life  of  the 
remaining  Amaaons.**  * 

This  observation  has  been  fully  confirmed  by  other  naturalists. 
However  small  the  prison,  however  large  the  quantity  of  food,  these 
stupid  creatures  will  starve  in  the  midst  of  plenty  rather  than  feed 
themselves.  I  have  had  a  nest  of  this  species  under  observation  for 
a  long  time,  but  never  saw  one  of  the  masters  feeding.  I  have  kept 
isolated  specimens  for  weeks  by  giving  them  a  slave  for  an  hour  or 
two  a  day  to  clean  and  feed  them,  and  under  these  circumstances  they 
remained  in  perfect  health,  while,  but  for  the  slaves,  they  would  have 

*  Huber,  <  Natural  History  of  Ants.' 
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perished  in  two  or  three  da  js.  I  know  no  other  case  in  nature  of  a 
qpeciee  having  loet  the  instinct  of  feeding. 

In  P.  rufucensj  the  so-called  workers,  though  thus  helpless  and 
stnpid,  are  munerous,  enezgetie,  and  in  some  respects  even  brilliant. 
In  another  slave»making  species,  however,  StrongyhgnaOim^  the 
workers  are  much  less  numerous,  and  so  weak  that  it  is  an  unsolyed 
problem  how  they  contrive  to  make  slaves. 

Lastly,  in  a  fourth  species,  A%eTgaie$  olrateluf,  the  workers  are 
absent,  the  males  and  females  living  in  nests  with  workers  belonging 
to  another  ant,  Tetramoriwn  ecupiium.  In  these  cases  the  Tetror* 
MortttiM,  having  no  queen,  and  consequently  no  young  of  their  own, 
tend  the  young  of  the  Anergaie$.  It  is  therefore  a  case  analogous 
to  that  of  PolyerguSy  but  it  is  one  in  which  slave-owning  has  almost 
degenerated  into  parasitism.  It  is  not,  however,  a  case  of  true  para- 
sitism, because  the  Tetramarkms  take  great  care  of  the  Anergates,  and 
if  the  nest  is  disturbed,  carry  them  off  to  a  place  of  safety. 

M.  Forel,  in  his  excellent  work  on  ants,  has  pointed  out  that  very 
young  ants  devote  themselves  at  first  to  the  care  of  the  larv»  and 
pupae,  and  that  they  take  no  share  in  the  defence  of  the  nest  or  other 
out-of-door  work  until  they  are  some  days  old.  This  seems  natural, 
because  at  first  their  skin  is  comparatively  soft ;  and  it  would  clearly 
be  undesirable  to  undertake  rough  work  or  run  into  danger  until 
their  armour  had  had  time  to  harden.  There  are,  however,  reasons 
for  thinking  that  the  division  of  labour  is  carried  still  further.  I  do 
not  allude  merely  to  those  cases  in  which  there  are  completely 
different  kinds  of  workers,  but  even  to  the  ordinary  workers.  In 
L.  ftavuiy  for  instance,  it  seems  probable  that  the  duties  of  the  smtJl 
workers  are  somewhat  different  from  those  of  the  large  ones,  though 
no  such  division  of  labour  has  yet  been  detected.  In  F.fusca  I  made 
an  observation  which  surprised  me  very  much.  In  the  autumn  of 
1875  I  noticed  an  ant  out  feeding  alone.  The  next  day  the  same  ant 
was  out  by  herself  and  1  could  easily  recognise  her  because  by  some 
accident  she  had  lost  the  claws  of  one  of  her  hind  feet  My  attention 
being  roused,  I  watched  the  nest  for  some  weeks,  and  saw  this  same 
ant  out  repeatedly,  but  no  other.  This  winter  I  have  kept  two  nests 
under  close  observation,  that  is,  I  arranged  with  my  daughters  and 
tiieir  governess,  Miss  Weudland,  most  conscientious  obs^ers,  that 
we  should  look  at  the  nest  once  every  hour  throughout  the  day,  and  this 
has  been  done  since  the  middle  of  November,  with  a  few  exceptions 
not  enough  to  affect  the  conclusion.  The  former  nest  contains  about 
two  hun£ed,  the  second  about  four  hundred  individuals ;  but  as  they 
are  somewhat  torpid,  and  there  are  no  larvaB  to  be  fed,  much  food 
is  not  required.  In  each  case  only  two  or  three  individuals  came 
out  for  food,  each  about  twice  a  day,  though  some  days  they  did  not 
come  out  at  alL  Thinking  that  possibly  these  specimens  were  un- 
usually voracious,  or  in  some  other  way  abnormal,  I  imprisoned  the 
ibragers  belonaing  to  one  of  the  nests.  The  following  day  two  odiers 
camo  out  for  food,  and  continued  coming  fbr  several  days.    I  then 
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impriBoned  them  also,  when  two  others  came  out,  showing,  I  think, 
that  the  community  requires  food,  and  that  it  was  the  Action  of 
certain  individuals  to  obtain  it. 

One  of  the  most  interesting  problems  about  ants  is,  of  course,  to 
determine  the  amount  of  their  intelligence.  In  order  to  test  this,  it 
seemed  to  me  that  one  way  would  be  to  ascertain  some  object  which 
they  would  clearly  desire,  and  then  to  interpose  some  obstacle  which 
a  little  ingenuity  would  enable  them  to  overcome.  With  this  object 
in  view,  I  placed  food  in  a  porcelain  cup  on  a  slip  of  glass  surrounded 
by  water,  but  accessible  to  the  ants  by  a  bridge,  consisting  of  a  strip  of 
paper  two-thirds  of  an  inch  long  and  one-third  wide.  Having  Uien 
put  a  F.  nigra  from  one  of  my  nests  to  this  food,  she  began  carrying 
it  ofif,  and  by  degrees  a  number  of  friends  came  to  help  her.  I  tiien, 
when  about  twenty-five  ants  were  so  engaged,  moved  the  little  paper 
bridge  slightly,  so  as  to  leave  a  chasm  just  so  wide  that  the  ants  could 
not  reach  across.  They  came  to  the  edge  and  tried  hard  to  get  over, 
but  it  did  not  occur  to  them  to  push  &e  paper  bridge,  though  the 
distance  was  only  about  one-third  of  an  indi,  and  they  might  easily 
have  done  so.  After  trying  for  about  a  quarter  of  an  hour  they  gave 
up  the  attempt,  and  returned  home.  This  I  repeated  several  times. 
Then,  thinking  that  paper  was  a  substance  to  which  they  were  not 
accustomed,  I  tried  the  same  with  a  bit  of  straw  one  inch  long  and 
one-eighth  of  an  inch  wide.  The  result  was  the  same.  I  repeated 
this  twice.  Again  I  placed  particles  of  food  close  to  and  directly 
over  the  nest,  but  connected  with  it  only  by  a  passage  several  feet  in 
length.  Under  these  circumstances  it  would  be  obviously  a  saving  of 
time  and  labour  to  drop  the  food  on  to  the  nest,  or  at  any  rate  to 
spring  down  with  it,  so  as  to  save  one  journey.  But  though  I  have 
frequently  tried  the  experiment,  my  ants  never  adopted  either  of  these 
courses.  I  arranged  matters  so  that  the  glass  on  which  the  food  was 
placed  was  only  raised  one-third  of  an  indi  above  the  nest.  The  ants 
tried  to  reach  down,  and  the  distance  was  so  small  that  occasionally, 
if  another  ant  passed  underneath  just  as  one  was  reaching  down,  the 
Apper  one  could  step  on  to  its  back,  and  so  descend ;  but  this  only 
happened  accidentally,  and  they  did  not  think  of  throwing  the  par- 
ticles down,  nor,  which  surprised  me  very  much,  would  they  jump  down 
themselves.  I  then  placed  a  heap  of  &ie  mould  dose  to  the  glass, 
but  just  so  fax  that  they  could  still  not  reach  across.  It  would  have 
been  of  course  quite  easy  for  any  ant,  by  moving  a  particle  of  earth 
for  a  quarter  of  an  inch,  to  have  made  a  bridge  by  which  the  food 
might  have  been  reached,  but  this  simple  expedient  did  not  occur  to 
them.  On  the  other  hand,  I  then  put  some  provisions  in  a  shallow 
box  with  a  glass  top,  and  a  single  hole  on  one  side,  and  put  some 
specimens  of  Lasiua  niger  to  the  food.  As  soon  as  a  stream  of  ants 
was  at  work,  busily  carrying  supplies  off  to  the  nest,  and  when  they 
had  got  to  know  the  way  thoroughly,  I  poured  some  fine  mould  in 
front  of  the  hole  so  as  to  cover  it  up  to  a  depth  of  about  half  an  inch. 
I  then  took  out  the  ants  which  were  actually  in  the  box.     As  soon  aa 
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ihej  had  reoovered  from  the  shock  of  this  unexpected  proceeding  on  my 
part,  they  began  to  run  all  round  and  about  the  box,  looking  for  some 
other  place  of  entrance.  Finding  none,  however,  they  began  digging 
down  into  the  earth  just  over  the  hole,  carrying  off  the  grains  of  earth 
one  by  one,  and  depositing  them,  without  any  order,  all  round  at  a 
distance  of  from  half  an  inch  to  six  inches  until  they  had  excavated 
down  to  the  doorway,  when  they  again  began  carrying  off  the  food 
as  before.  This  experiment  I  repeated  on  following  days  three  or 
four  times,  always  with  the  same  result 

As  evidence  both  of  their  intelligence  and  of  their  affection  for 
their  friends,  it  has  been  said  by  various  observers  that  when  ants 
have  been  accidentally  buried  they  have  been  very  soon  dug  out  and 
rescued  by  their  companions.  Without  for  a  moment  doubting  the 
facts  as  stated,  we  must  remember  the  habit  which  ants  have  of 
borrowing  in  loose  fresh  soil,  and  especially  their  practice  of  digging 
out  fresh  galleries  when  their  nests  arc  disturbed.  It  seemed  to  me, 
however,  that  it  would  not  be  difficult  to  test  whether  the  excavations 
made  by  ants  under  the  circumstances,  were  the  result  of  this  general 
habit,  or  really  due  to  a  desire  to  extricate  their  friends.  With  this 
view  I  tried  (20th  August)  the  following  experiments.  I  placed 
some  hon^  near  a  nest  of  LoBiui  niger  on  a  glass  surrounded  with 
water,  and  so  arranged  that  in  reaching  it  the  ants  passed  over 
another  glass  covered  with  a  layer  of  sifted  earth  about  one  third  of  an 
inch  in  thickness.  I  then  put  some  ant  to  the  honey,  and  by  degrees 
a  considerable  number  collected  round  it.  Then,  at  1.80  p.m.,  I  buried 
an  ant  from  the  same  nest  under  the  earth,  and  left  her  there  till 
5  P.H.,  when  I  uncovered  her.  She  was  none  the  worse,  but  during  the 
whole  time  not  one  of  her  friends  had  taken  the  least  notice  of  her. 

Again,  September  1st,  I  arranged  some  honey  in  the  same  way. 
At  5  pjc.  about  fifty  ants  were  at  the  honey,  and  a  considerable 
number  were  passing  to  and  fro.  I  then  buried  an  ant  as  before,  of 
course  taking  one  from  the  same  nest  At  7  p.m.  the  number  of  ants 
at  the  honey  had  nearly  doubled.  At  10  p.m.  they  were  still  more 
numerous,  and  had  carried  off  about  two-thirds  of  the  honey.  At 
7  AJi.  the  next  morning  the  honey  was  all  gone;  two  or  three  ants 
were  still  wandering  about,  but  no  notice  had  been  taken  of  the 
prisoner,  whom  1  then  let  out  In  this  case  I  allowed  the  honey  to 
be  finished,  because  I  thought  it  might  perhaps  be  alleged  that  the 
excitement  produced  by  such  a  treasure  distracted  their  attention  ;  or 
even,  on  the  principle  of  doing  the  greatest  good  to  the  greatest 
number,  that  they  were  intelligently  wise  in  securing  a  treasure  of 
food  before  they  rescued  their  comrade,  who,  though  in  confinement, 
was  neither  in  pain  nor  danger.  So  far  as  the  above  ants,  however, 
are  concerned,  this  cannot  be  urged.  I  may  add  that  I  repeated  the 
same  experiment  several  times,  in  some  cases  with  another  species, 
Myrmiea  ruginodU,  and  always  with  the  same  results. 

Ants  have  hem  much  praised  on  account  of  their  affection  for 
their  friends.     In  this  respect,  however,  they  seem  to  vary  greatly. 
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At  any  rate,  anyone  who  has  watched  them  much  must  have  met  with 
very  contradictory  &otB.  I  have  often  put  ants  which  were  smeared 
wiUi  a  sticky  substance  on  the  boards  attached  to  my  nests,  and  very 
rarely  indeed  did  their  companions  take  any  notice  oi^  or  seek  to 
disentangle  them. 

I  then  tried  the  following  experiment  A  number  of  the  small 
yellow  ants  (L,  flavus)  were  ont  feeding  on  some  honey.  I  took  five 
of  them,  and  also  five  others  of  the  same  species,  but  from  a  difiermit 
nest,  chloroformed  them,  and  pnt  them  close  to  tiie  honey,  and  on  the 
path  which  the  ants  took  in  going  to  and  from  the  nest,  so  that  these 
conld  not  but  see  them.  The  glass  on  which  the  honey  was  placed 
was  surrounded  by  a  moat  of  water.  This,  then,  gave  me  an  oppor- 
tunity of  testing  both  how  far  they  would  be  disposed  to  assist  a 
helpless  fellow-creature,  and  what  difference  they  would  make  between 
their  nest  companions  and  strangers  from  a  different  community. 
The  chlorofomuad  ants  were  put  down  at  ten  in  the  morning.  For 
more  than  an  hour,  though  many  ants  came  up  and  touched  them  with 
their  antenna,  none  of  them  did  more.  At  length  one  of  the  strangers 
was  picked  up,  carried  to  the  edge  of  the  glass,  and  quietly  thrown, 
or  rather  dropped,  into  the  water.  Shortly  afterwards  a  friend  was 
taken  up  and  treated  in  the  same  way.  By  degrees  they  were  all 
picked  up  and  thrown  into  the  water.  One  of  the  strangers  was, 
indeed,  taken  into  the  nest,  but  in  about  half  an  hour  she  was  brought 
out  again  and  thrown  into  the  water  like  the  rest  I  repeated  tibis 
experiment  with  fifty  ants,  half  friends  and  half  strangers.  In  each 
case  twenty  out  of  the  twenty-five  ants  were  thrown  into  the  water  as 
described.  A  few  were  left  lying  where  they  were  placed,  and  these 
also,  if  we  had  watched  longer,  would  no  doubt  have  been  also  treated 
in  the  same  way.  One  out  of  the  twenty-five  friends,  and  three  out 
of  the  twenty-five  strangers,  were  carried  into  the  nest,  but  ihey  were 
all  brought  out  again  and  thrown  away  like  the  rest  Under  such 
circumstances,  then,  it  seems  that  ants  make  no  difference  between 
friends  and  strangers. 

It  may,  however,  be  said  in  this  experiment,  that  as  ants  do  not 
recover  from  chloroform,  and  these  ants  were  therefore  to  all  intents 
and  purposes  dead,  we  riiould  not  expect  that  much  difference  would 
be  made  between  friends  and  strangers.  I  therefore  tried  the  same 
experiment,  only,  instead  of  chloroforming  the  ants,  I  made  them 
intoxicated.  This  was  a  rather  more  didicult  experiment.  No  ant 
would  voluntarily  degrade  herself  by  getting  drunk,  and  it  was  not 
easy  in  all  cases  to  hit  off  the  requisite  degree  of  this  compulsory 
intoxication.  In  all  cases  they  were  made  quite  drunk,  so  that  they 
lay  helplessly  on  their  backs.  The  sober  ants  seemed  much  puzzled 
at  findmg  their  friends  in  this  helpless  and  discreditable  condition. 
They  took  them  up  and  carried  them  about  for  awhile  in  a  sort  of 
aimless  way,  as  if  they  did  not  know  what  to  do  with  their  drunkards, 
any  more  than  we  do.  Ultimately,  howover,  the  results  were  as 
foUows.    The  ants  removed  twenty-^ve  friends  and  thirty  strangers. 
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Of  ihefrieQds,  twenty  were  carried  into  the  nest,  wbere  no  doubt  they 
slept  off  the  effect  of  the  spirit — at  least  we  saw  no  more  of  them — ^and 
fire  were  thrown  into  the  water.  Of  the  strangers^  on  the  oontrary, 
twenty-fonr  were  thrown  into  the  water ;  only  six  were  taken  into  the 
nest,  and  four  of  these  were  shortly  afterwards  brought  out  again  and 
thrown  away. 

The  difference  in  the  treatment  of  friends  and  strangers  was, 
therefore,  most  marked. 

Dead  ants,  I  may  add,  are  always  brought  ont  of  the  nest,  and  I 
have  more  than  once  found  a  little  heap  on  one  spot,  giving  it  almost 
the  appearance  of  a  bnrial  ground. 

I  have  also  made  some  experiments  on  the  power  possessed  by 
ants  of  remembering  their  friends.  It  will  be  recollected  that  Huber 
gives  a  most  interesting  account  of  the  behaviour  of  some  ants,  which, 
after  being  separated  for  four  months,  when  brought  together  again, 
immediately  recognised  one  another,  and  ^'fell  to  mutual  caresses 
with  their  antennie.*'  Forel,  however,  regards  these,  movements  as 
having  indicated  fear  and  surprise  rather  than  affection,  though  he 
also  is  quite  inclined  to  believe,  from  his  own  observation,  that  ants 
would  recognise  one  another  after  a  separation  of  some  months.  The 
observation  rec<nded  by  Huber  was  made  casually ;  and  neither  he 
nor  anyone  else  seems  to  have  taken  any  steps  to  test  it  by  subsequent 
experiments.  The  fetct  is  one,  however,  of  so  much  interest,  that  it 
seemed  to  me  desirable  to  make  further  experiments  on  the  subject. 
On  the  4th  of  August,  1875,  therefore,  I  separated  one  of  my  nests  of 
F.fiuca  into  two  halves,  which  I  kept  entirely  apart 

I  then  from  time  to  time  put  an  ant  from  one  of  these  nests  into 
the  other,  introducing  also  a  stranger  at  the  same  time.  The  stranger 
was  driven  out,  or  sometimes  even  killed.  The  friend,  on  the 
oontraiy,  was  never  attacked,  though  I  am  bound  to  say  that  I  could 
see  no  signs  of  any  general  welcome,  or  that  she  was  taken  any 
particular  notice  of, 

I  will  not  trouble  you  with  all  the  evidence,  but  will  content 
myself  with  one  case. 

On  the  12th  November  last,  that  is  to  say,  after  the  ant  had  been 
separated  for  a  year  and  three  months,  I  put  a  friend  and  a  stranger 
into  one  of  the  divisions.  The  friend  seemed  quite  at  home.  One  of 
the  ants  at  once  seized  the  stranger  by  an  antenna,  and  began 
dragging  her  about.    At 

11.45.  The  friend  is  quite  at  home  with  the  rest    The  stranger 

is  being  dragged  about 
12.0.    The  friend  is  all  right    Three  ants  now  have  hold  of 

the  stranger  by  her  legs  and  an  antenna. 

12.15.  Da  do. 

12.80.  Do.  do. 

12.45.  Do.  do. 

1.0.    Dado. 
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1.80.  Do.  One  now  took  hold  of  the  friend,  but  soon  seemed 
to  find  out  her  mistake  and  left  go  again. 

1.45.  The  friend  is  all  right.  The  stranger  is  being  attacked. 
The  friend  also  has  been  almost  cleaned  ;  while  on  the 
stranger  the  colour  has  been  scarcely  touched. 

2.15.  Two  ants  are  licking  the  friend,  while  another  pair  is 
holding  the  stranger  by  her  legs. 

2.30.  The  friend  is  now  aLmost  clean,  so  that  I  conld  only  just 
perceive  any  colour.  The  stranger,  on  the  contrary, 
is  almost  as  much  coloured  as  ever.  She  is  now  near 
the  door,  and  I  think  would  have  come  out,  but  two 
ants  met  her  and  seized  her. 

8.0.  Two  ants  are  attacking  the  stranger.  The  friend  was  no 
longer  distinguishable  from  the  rest. 

8.80.  Do. 

4.0.    Do. 

5.0.    Dq. 

6.0.  The  stranger  now  escaped  from  the  nest,  and  I  put  her 
back  among  her  own  friends. 

The  difference  of  behayiour  to  these  two  ants  was  most  marked. 
The  friend  was  gradually  licked  clean,  and  except  for  a  few  moments, 
and  that  evidently  by  mistake,  was  never  attacked.  The  stranger,  on 
the  oontrary,  was  not  cleaned,  was  at  once  seized,  was  dragged  about 
for  hours  with  only  a  few  minutes'  interval,  by  one,  two,  or  three 
assailants,  and  at  length  made  her  escape  from  the  nest  at  a  time  when 
no  other  ant  was  out 

In  most  species  of  ants  the  power  of  smelj  is  very  keen.  I  placed 
ants  on  a  strip  of  paper,  each  end  of  which  was  supported  on  a  pin, 
the  foot  of  which  was  inmiersed  in  water.  They  then  ran  backwards 
and  forwards  along  the  paper,  trying  to  escape.  If  a  camers-hair 
pencil  be  suspended  just  over  the  paper,  they  pass  under  it  without 
taking  any  notice  of  it ;  but  if  it  be  scented,  say  with  lavender-water, 
they  at  once  stop  when  they  come  near  it,  showing  in  the  most  unmis- 
takable manner  that  they  perceive  the  odour.  This  sense  appears  to 
reside,  though  not  perhaps  exclusively,  in  the  antennsB.  I  tethered, 
for  instance,  a  large  specimen  of  Formica  ligmperda  with  a  fine  thread 
to  a  board,  and  when  she  was  quite  quiet  I  approached  a  scented 
oamel's-hair  pencil  slowly  to  the  tip  of  tiie  antenna,  which  was  at  once 
withdrawn,  though  the  antenna  took  no  notice  of  a  similar  pencil,  if 
not  scented. 

On  the  other  hand,  as  regards  their  sense  of  hearing,  the  case  is 
very  different  Apprcaching  an  ant  which  was  standing  quietly,  I 
have  over  and  over  again  made  the  loudest  and  most  shrill  noises  I 
could,  using  a  penny  pipe,  a  dog-whistle,  a  violin,  as  well  as  the  most 
piercing  and  startling  sounds  I  could  produce  with  my  own  voice, 
without  effect  At  the  same  time  I  by  no  means  would  infer  from  this 
that  they  are  really  deaf,  though  it  certainly  seems  that  their  range 
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of  hearing  is  very  different  £rom  onrs.  We  know  that  certain  allied 
insects  produce  a  noise  by  rubbing  one  of  their  abdominal  rings 
against  another  Landois  is  of  opinion  that  ants  also  make  sonnds  in 
the  same  way,  though  these  somids  are  inaudible  to  us.  Our  range  is, 
however,  after  all,  very  limited,  and  the  universe  is  probably  full  of 
music  which  we  cannot  perceive.  There  are,  moreover,  in  the 
antenniB  of  ants  certain  curious  organs  which  may  perbaps  be  of  an 
auditory  character.  There  are  from  ten  to  a  dozen  in  tbe  terminal 
segment  of  Lasius  flxtma^  the  small  meadow  ant,  and  indeed  in  most  of 
the  species  which  I  have  examined,  and  one  or  two  in  each  of  the 
short  intermediate  segments.  These  organs  consist  of  three  parts  :  a 
small  spherical  cup  opening  to  the  outside,  a  long  narrow  tube,  and  a 
hollow  body  shaped  like  an  elongated  clock>weight.  They  may  serve 
to  increase  the  resonance  of  sounds,  acting,  in  fact,  to  use  the  words 
of  Professor  Tyndall,  who  was  good  enough  to  look  at  them  with  me, 
like  microscopic  stethoscopes. 

The  organs  of  vision  are  in  most  ants  very  complex  and  con- 
spicuous. There  are  generally  three  eyes  arranged  in  a  triangle  on 
the  top  of  their  heads,  and  on  each  side  a  large  compound  eye 
containing  sometimes  more  than  two  thousand  facets  between  them. 
Nevertheless  the  sight  of  ants  does  not  seem  to  be  very  good.  In 
order  to  test  how  far.  ants  are  guided  by  vision.  I  made  the  following 
experiments.  I  placed  a  common  lead  pencil  on  a  board,  fastening  it 
upright,  so  ss  to  serve  as  a  landmark.  At  the  base  I  then  placed  a 
glass  containing  food,  and  then  put  a  L.  ntger  to  the  food ;  when  she 
knew  her  way  from  the  glass  to  the  nest  and  back  again  perfectly 
well,  she  went  quite  straight  backwards  and  forwards.  I  then  took 
an  opportunity  when  the  ant  was  on  the  glass,  and  moved  the  glass 
with  the  ant  on  it  about  three  inches.  Now,  under  such  circumstances, 
if  she  had  been  much  guided  by  sight,  she  could  not  of  course  have 
had  any  difficulty  in  finding  her  way  to  the  nest  As  a  matter  of 
&ot,  however,  she  was  entirely  at  sea,  and  after  wandering  about 
for  some  time,  got  back  to  the  nest  by  another  and  very  roundabout 
route.  I  then  again  varied  the  experiment  as  follows.  I  placed 
the  food  in  a  small  china  cup  on  the  top  of  the  pencil,  which  thus 
formed  a  column  seven  and  a  half  inches  high.  When  tiie  ant  once 
knew  her  way,  she  went  very  straight  to  and  from  the  nest.  This 
puzzled  her  very  much :  she  went  over  and  over  the  spot  where 
the  pencil  had  previously  stood,  retraced  her  steps  several  times 
almost  to  the  nest,  and  then  returned  along  the  whole  line,  showing 
great  perseverance,  if  not  much  power  of  vision.  I  then  moved  the 
pencil  six  inches.  She  found  the  pencil  at  last,  but  only  after  many 
meanderings. 

I  then  repeated  the  observation  on  three  other  ants  with  the  same 
result:  the  second  was  seven  minutes  before  she  found  the  pencil, 
and  at  last  seemed  to  do  so  accidentally ;  the  third  actually  wandered 
about  for  no  less  than  half  an  hour,  returning  up  the  paper  bridge 
several  times. 
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Let  OS  oompare  this  relatiyely  to  man.  An  ant  measnring  say 
one-sixtii  of  an  inch,  and  the  pencil  being  seven  inches  high,  is 
consequently  forty- two  times  as  long  as  the  ant.  It  bears,  therefore, 
somewhat  the  same  relation  to  the  ant  as  a  column  two  hundred  and 
fifty  feet  high  does  to  a  man.  The  pencil  having  been  moved  six 
inches,  it  is  as  if  a  man  in  a  country  he  knew  well  would  be  puzzled 
at  being  moved  a  few  hundred  feet,  or  if  put  down  in  a  square 
containing  loss  than  an  acre,  could  not  find  a  column  two  hundred 
and  fifly  feet  high,  that  is  to  say,  higher  than  the  Duke  of  York's 
column. 

Another  evidence  of  this  consists  in  the  &ct,  that  if,  when  my 
L,  fUgera  were  carrying  off  food  placed  in  a  cup  on  a  piece  of  board, 
I  turned  the  board  round  so  that  the  side  which  had  been  turned 
towards  the  nest  was  away  from  it,  and  ffice  ver$dy  the  ants  always 
returned  over  the  same  track  on  the  board,  and  consequently  direcUy 
away  from  home.  If  I  moved  the  board  to  the  other  side  of  my 
artificial  nest,  the  result  was  the  -same.  Evidently  they  followed  the 
road,  not  the  direction. 

It  is  remarkable  that  we  do  not  even  now  know  exactly  how  an 
ants'  nest  is  begun.  Whether  they  always  commence  as  a  colony 
from  some  older  establishment;  whether  wandering  workers  who 
chance  to  find  a  queen,  under  certain  circumstances  remain  with  her 
and  begin  a  new  nest ;  or  whether  the  queen  ant,  like  the  queen  wasp, 
forms  a  cell  for  herself,  and  then  brings  up  a  few  workers,  who  after* 
wards  take  upon  themselves  the  labours  of  the  family,  as  yet  we 
know  not.  When  once  started,  the  communitieB  last  for  years,  being 
kept  up  by  a  succession  of  individuals.  The  queens  themselves 
rarely  or  never  quit  the  nest,  but  receive  their  food  from  the  workers, 
and  indeed  appear  to  do  nothing  except  lay  eggs. 

A  nest  of  ants  must  not  be  confused  with  an  ant  hill  in  the 
ordinary  sense.  Very  often  indeed  a  nest  has  only  one  dwelling,  and 
in  most  species  seldom  more  than  three  or  four.  Some,  however,  form 
numerous  colonies.  M.  Ford  even  found  a  case  in  which  one  nest  of 
F,  ex9ecta  had  no  lees  than  two  hundred  colonies,  and  occupied  a 
circular  space  with  a  radius  of  nearly  two  hundred  yards.  Within 
this  area  they  had  exterminated  all  the  other  ants,  except  a  few  nests 
of  Tapinoma  erratieum,  which  survived,  thanks  to  their  great  agility. 
In  these  cases  the  number  of  ants  thus  associated  together  must  have 
been  enormous.  Even  in  single  nests  Forel  estimates  the  numbers  at 
from  five  thousand  to  half  a  million. 

In  their  modes  of  fighting,  different  species  of  ants  have  their 
several  peculiarities.  Some  also  are  much  lees  military  than  others. 
Myrmecina  LatrmUii^  for  instance,  never  attack,  and  scarcely  even 
defend  themselves.  Their  skin  is  very  hard,  and  they  roU  themselves 
into  a  ball,  not  defending  themselves  even  if  their  nest  is  invaded,  to 
prevent  which,  however,  they  make  the  entrances  small,  and  oftoi 
station  at  each  a  worker,  who  uses  her  head  to  stop  the  way.  The 
smell  of  this  species  is  also,  perhaps,  a  protection.     Teiramorimm 
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ecetpttom  has  the  habit  of  feigning  death.  This  species,  however, 
does  not  roll  itself  up,  bnt  merely  applies  its  l^gs  and  antenna  closely 
to  the  body. 

Formica  ni/o,  the  common  horse  ant,  attacks  in  serried  masses, 
seldom  sending  oat  detachments,  while  single  ants  scarcely  ever  make 
individual  attacks.  They  rarely  pursue  a  flying  foe,  but  give  no 
quarter,  killing  as  many  enemies  as  possible,  and  never  hesitating, 
with  this  object,  to  sacrifloe  themselves  for  the  common  good. 

Formica  sanguinea,  on  the  contrary,  at  least  in  their  slave-making 
expeditions,  attempt  rather  to  terrify  than  to  kill.  Indeed,  when  they 
are  invading  a  nest,  they  do  not  attack  the  flying  inhabitants  unless 
they  are  attempting  to  carry  off  pup®,  in  which  case  they  are  forced 
to  abandon  the  pups.  When  fighting,  they  attempt  to  crush  their 
enemies  with  their  mandibles. 

Formica  exseda  is  a  delicate,  but  very  active  species.  They  also 
advance  in  serried  masses,  but  in  close  quarters  Uiey  bite  right  and 
left,  dancing  about  to  avoid  being  bitten  themselves.  When  fighting 
with  larger  species  they  spring  on  to  their  backs,  and  then  seize  them 
by  the  neck  or  by  an  antenna.  They  also  have  the  instinct  of  com* 
bining  in  small  parties,  three  or  four  seizing  an  enemy  at  once,  and 
then  pulling  different  ways,  so  that  she  on  her  part  cannot  get  at  any 
one  of  her  foes.  One  of  tiiem  then  jumps  on  her  back  and  cuts,  or 
rather  saws,  off  her  head.  In  battles  between  this  ant  and  the  much 
larger  F.  pratensis^  maaxy  of  the  latter  may  be  seen  each  with  a  little 
F.  exseda  on  her  back,  sawing  off  her  head  from  behind. 

One  might,  at  first  sight,  be  disposed  to  consider  that  the  ants 
with  stiogs  must  have  a  great  advantage  over  those  with  none.  In 
some  cases,  however,  the  poison  is  so  strong  that  it  is  sufficient  for  it 
to  touch  the  foes  to  place  them  hors  ds  eombaif  or  at  least  to  render 
them  incapacitated,  with  every  appearance  of  extreme  pain.  Such 
species  have  the  abdomen  unusually  mobile. 

The  species  of  Ixmus  make  up  in  numbers  what  they  want  in 
strength.  Several  of  them  seize  an  enemy  at  once,  one  by  each  of  her 
legs  or  antenn»,  and  when  they  have  once  taken  hold  they  will  suffer 
themselves  to  be  cut  in  pieces  rather  than  leave  go. 

Pdyergus  rufescens,  the  celebrated  slave-making  or  Amazon  ant, 
has  a  mode  of  combat  almost  peculiar  to  herself.  The  jaws  are  very 
powerful,  and  pointed.  If  attacked — ^if,  for  instance,  another  ant 
seizes  her  by  a  leg — she  at  once  takes  her  enemy's  head  into  her  jaws, 
which  generally  makes  her  quit  her  hold.  If  she  does  not,  the 
Polyergus  closes  her  mandibles,  so  that  the  points  pierce  the  brain  of 
her  enemy,  paralysing  the  nervous  system.  The  victim  Mia  in  con- 
vulsions, setting  free  her  terrible  foe.  In  this  manner  a  comparatively 
small  force  of  Polyergns  will  fearlessly  attack  much  larger  armies  of 
other  species,  and  su&r  themselves  scarcely  any  loss. 

Much  of  what  has  been  said  as  to  tiie  powers  of  communication 
possessed  by  bees  and  ants  depends  on  the  fact  that  if  one  of  them  in 
the  course  of  her  rambles  has  discovered  a  supply  of  food,  a  number 
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of  others  soon  find  their  way  to  the  store.  This,  however,  does  not 
necessarily  imply  any  power  of  describing  localities.  If  Uie  bees  or 
ants  merely  follow  their  more  fortunate  companion,  or  if  they  hnnt 
her  by  scent,  the  matter  is  comparatiyely  simple ;  if,  on  the  contrary, 
the  others  have  the  route  described  to  them,  the  case  becomes  very 
dififerent  To  determine  this,  therefore,  I  have  made  a  great  number 
of  experiments,  of  which,  however,  I  will  here  only  mention  a  few. 
Under  ordinary  circumstances,  if  an  ant  discovers  a  stock  of  food  she 
carries  as  much  as  possible  away  to  the  nest,  and  then  returns  for 
more,  accompanied  generally  by  several  friends.  On  their  return 
these  bring  others,  and  in  this  way  a  string  of  ants  is  soon  established. 
Unless,  therefore,  various  precautions  are  taken,  and  this,  so  far  as  I 
know,  has  never  been  done  in  any  of  the  previous  observations,  the 
experiment  really  tells  very  little. 

I  therefore  made  the  following  arrangement  One  of  my  nests  of 
the  small  brown  garden  ant,  Lanus  niger^  was  connected  with  a  board,  . 
on  which  I  was  in  the  habit  of  placing  a  supply  of  food  and  water. 
At  a  short  distance  from  the  board  I  placed  two  glasses  (6  6'),  and  on 
b  I  placed  some  food.  I  then  connected  the  glass  h  with  tne  board 
a  by  three  slips  of  paper,  c,  d,  e,  and  put  an  ant  to  the  food.  She 
carried  off  a  supply  to  the  nest,  returning  for  more,  and  so  on. 
Several  Mends  came  with  her,  and  I  imprisoned  them  till  the  experi- 
ment was  over.  When  she  had  passed  several  times  over  the  paper 
bridges,  I  proceeded  as  follows.  Any  friends  who  came  with  her 
were  excluded  from  the  bridges  when  she  was  on  them.  If  she  was 
not  there,  as  soon  as  a  friend  arrived  at  the  bridge  c,  I  took  up  e  in 

my  fingers  and  rubbed  it  lightly,  with  a 
view  of  removing  or  blurring  the  scent ; 
and  as  soon  as  the  ant  arrived  on  d  I 
took  up  the  bridge  c,  and  put  it  across 
the  chasm  from  d  to  &'.  Now  if  the  ant 
went  by  description,  she  would  of  course 
cross  6  to  b.  If,  on  the  other  hand,  she 
went  by  scent,  then  she  would  be  at  the 
least  as  likely  to  go  over  c  to  b\  The 
results  were  that  out  of  about  one  hundred 
and  twenty  friends  who  passed  over  d, 
only  twenty  went  to  the  food,  while 
nearly  one  hundred  passed  over  e  to  the 
empty  glass.  In  this  case  the  friends 
generally  came  more  or  less  in  sight  of 
one  another  to  the  bridge  c,  and  once 
there,  could  hardly  avoid  arriving  either 
at  b  or  h\  I  therefore  modified  the  experiment  as  follows.  I  estab- 
lished and  endowed  an  ant  as  before,  imprisoning  the  friends  who 
came  with  her.  When  she  got  to  know  her  way  thoroughly,  I  allowed 
her  to  retam  to  the  nest  on  her  own  legs,  but  as  soon  as  die  emerged 
again  I  took  her  up  and  transferred  her  to  the  food. 
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Under  these  drcnmBtanoes,  as  will  be  seen,  very  few  ants  indeed 
ever  found  their  way  to  the  food.  I  began  this  at  5.80,  when  she 
returned  to  the  nest.  At  5.34  she  came  oat  with  no  less  than  ten 
friends,  and  was  then  transferred  to  the  food.  The  others  wandered 
about  a  little,  but  by  degrees  returned  to  the  nest,  not  one  of  them 
finding  her  way  to  tiie  food.  The  first  ant  took  some  food,  returned, 
and  again  came  out  of  the  nest  at  5.39  witib  eight  friends,  when  exactly 
the  same  happened.    She  again  came  out 

At  5.44  with  4  friends.  At  6.44  with  0  friends. 


„  6.47 

t» 

4 

99 

„6.46 

99 

8 

99 

„5.49 

M 

1 

99 

„  6.49 

99 

2 

99 

„5.52 

„  6.56 

„  5.64 

M 

5 

99 

„  6.59 

„5.58 

n 

2 

99 

»7.2 

99 

2 

99 

„  5.59 

n 

2 

99 

»7.4 

»6.1 

19 

5 

99 

«7.6 

99 

8 

99 

»6.4 

19 

1 

99 

„7.8 

>9 

8 

99 

„6.7 

„7.10 

99 

6 

19 

„6.11 

99 

8 

99 

»7.18 

«6.14 

99 

4 

n 

»7.17 

99 

8 

99 

»6.17 

99 

6 

n 

„7.19 

99 

7 

99 

„6.20 

„7.21 

99 

6 

99 

„6.28 

99 

6 

99 

„7.24 

.,6.25 

99 

6 

99 

»7.26 

99 

8 

99 

„6.29 

99 

8 

99 

„  7.39 

99 

1 

99 

„6.32 

99 

2 

99 

„  7.81 

99 

2 

99 

„  6.86 

«7.35 

„6.42 

99 

4 

99 

(89  journeys;  11  alone,  28  with  120  friends.) 

Thus,  during  these  two  hours  more  than  one  hundred  and  twenty 
ants  came  out  of  the  nest,  in  company  with  the  one  under  observation. 
She  knew  her  way  perfectly,  and  it  is  clear  that  if  she  had  been  left 
alone  all  these  ants  would  have  accompanied  her  to  the  store  of  food. 
Three  of  them  were  accidentally  allowed  to  do  so,  but  of  the  re- 
mainder only  five  found  their  way  to  the  food ;  all  the  others,  after 
wandering  about  awhile,  returned  empty-handed  to  the  nest. 

I  conclude,  then,  that  when  large  numbers  of  ants  come  to  food 
they  follow  one  another,  being  also  to  a  certain  extent  guided  by 
scent.  The  fact,  therefore,  does  not  imply  any  considerable  power  of 
intercommunication.  There  are,  moreover,  some  circumstances  which 
seem  to  point  in  an  opposite  direction.  For  instance,  I  have  already 
mentioned  that  if  a  colony  of  Polyerffua  changes  the  situation  of  its 
nest,  the  masters  are  all  carried  to  the  new  one  by  the  slaves.  Again,  if 
a  number  of  JP.  fiuca  are  put  in  a  box,  and  in  one  comer  a  dark  place 
of  retreat  is  provided  for  them  with  some  earth,  one  soon  finds  her 
way  to  it.  She  then  comes  out  again,  and  going  up  to  one  of  the 
others,  takes  her  by  the  jaws.  The  second  ant  then  rolls  herself  into 
VouVmr   (No.  66.)  V 
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a  heap,  and  is  carried  off  to  the  place  of  shelter.  They  then  both 
repeat  the  same  manoBavre  with  other  ants,  and  so  on  until  all  their 
companions  are  collected  together.  Now  it  seems  to  me  difficult  to 
imagine  that  so  slow  a  course  would  be  adopted  if  they  possessed  any 
power  of  communicating  description. 

On  the  other  hand,  they  certainly  can,  I  think,  transmit  simpler 
ideas.  In  support  of  this  I  may  adduce  the  following  experiment. 
Two  strips  of  paper  were  attached  to  the  board  just  mentioned 
(p.  268),  and  parallel  to  one  another,  and  at  the  other  end  of  each  I 
placed  a  piece  of  glass.  In  the  glass  at  the  end  of  one  tape  I  placed 
a  considerable  number  (three  to  six  hundred)  of  larvsB.    In  the  second 

I  put  two  or  three  larvae  only.  I  then  took  two  ants,  and  placed  one 
of  them  to  the  glass  with  many  larv89,  the  other  to  that  with  two  or 
three.  Each  of  them  took  a  larva  and  carried  it  to  the  nest,  return- 
ing for  another,  and  so  on.  After  each  journey  I  put  another  larva  in 
the  glass  with  only  two  or  three  larvfe  to  replace  tiiat  which  had  been 
removed.  Now,  li  other  ^ants  came  under  tiie  above  circumstances  as 
a  mere  matter  of  accident,  or  accompanying  one  another  by  chance, 
or  if  they  simply  saw  the  larvsB  which  were  being  brought,  and  conse- 
quently concluded  that  they  might  themselves  also  find  larvad  in  the 
same  place,  then  the  numbers  going  to  the  two  glasses  ought  to  be 
approximately  equal  In  each  case  the  number  of  journeys  made 
by  the  ants  would  be  nearly  the  same ;  consequently,  if  it  were  a 
matter  of  smell,  the  two  routes  would  be  in  the  same  condition.  It 
would  be  impossible  for  an  ant,  seeing  another  in  the  act  of  bringing 
a  larva,  to  judge  for  itself  whether  there  were  few  or  many  larvsB  left 
behind,  (hi  the  other  hand,  if  the  strangers  were  brought,  then  it 
would  be  curious  to  see  whether  more  were  brought  to  the  glass  with 
many  larvfe  than  to  that  which  only  contained  two  or  three.  I  should 
also  mention  that  every  stranger  was  imprisoned  until  the  end  of  the 
experiment.    I  will  select  a  few  of  the  results : 

Exp.  1.  Time  occupied,  one  hour.  The  ant  with  few  larvsB  made 
6  visits,  and  brought  no  friends.  The  one  with  many  larvad  made  7, 
and  brought  11  friends. 

Exp.  8.  Time  occupied,  three  hours.  The  ant  with  few  larvea 
made  24  journeys,  and  brought  5  friends.*  The  one  with  many  larv» 
made  38  journeys,  and  brought  22  friends. 

Exp.  5.  Time  occupied,  one  hour.  The  ant  with  few  larvas  made 
10  journeys,  and  brought  3  friends.  The  other  made  6  journeys,  and 
brought  16  friends. 

!^p.  9.    Time  occupied,  one  hour.     The  ant  with  few  larvs  made 

II  journeys,  and  brought  one  friend.  The  one  with  many  larvae  made 
15  journeys,  and  brought  18  friends. 

Exp.  10.  I  now  reversed  the  glasses,  the  same  two  ants  being 
under  observation ;  but  the  ant  which  in  the  previous  observation  had 
few  larvae  to  carry  off  now  consequently  had  many,  and  vice  tend. 
Time  occupied,  two  hours.  The  ant  with  few  larvae  made  21  journeys, 
and  brought  1  friend.     The  one  with  many  larvae  made  22  journeys, 
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and   brongbt   20   friends.    These   two   experiments   are,  I   think, 
especiallj  striking. 

Taken  as  a  whole,  I  fonnd  that  in  about  fifty  honrs  the  ants  which 
had  access  to  many  larvad  brought  257  friends,  while  those  visiting  a 
glass  with  few  lanne  only  brought  82.  The  result  will  appear  still 
more  striking  if  we  remember  that  a  certain  number,  say  perhaps  25, 
would  have  come  to  the  larvaB  anyhow,  which  would  make  the 
numbers  232  as  against  57,  a  very  striking  difference. 

I  have  elsewhere  discussed  the  relations  of  flowers  to  insects,  and 
especially  with  bees,  and  particularly  the  mode  in  which  the  flowers 
were  modified  so  that  the  bees  might  transfer  the  pollen  from  one 
flower  to  another.  Ants  are  also  of  considerable  importance  to  plants, 
especially  in  keeping  down  the  number  of  insects  which  feed  on  them. 
So  far  as  I  know,  however,  there  are  no  plants  which  are  specially 
modified  in  order  to  be  fertilised  by  ants ;  and,  indeed,  even  to  those 
small  flowers  which  any  little  insect  might  fertilise,  the  visits  of 
winged  insects  are  much  more  advantageous,  because,  as  Mr.  Darwin 
has  shown  in  his  excellent  work  on  cross  and  self-fertilisation  of 
plants,  it  is  important  that  the  pollen  should  be  brought,  not  only 
from  a  different  flower,  but  also  from  a  different  plant,  while 
creeping  insects,  such  as  ants,  would  naturally  pass  from  flower  to 
flower  of  the  same  plant. 

Under  these  circumstances  it  is  important  to  plants  that  ants 
should  not  obtain  access  to  the  flowers,  for  they  would  otherwise  rob 
them  of  their  honey  without  conferring  on  them  any  compensating 
advantage.  Accordingly,  we  not  only  find  in  flowers  various  modes 
of  attracting  bees,  but  also  of  excluding  ants ;  and  in  this  way  ants 
have  exercised  more  influence  on  the  vegetable  kingdom  than  might 
be  supposed.  Sometimes,  for  instance,  the  flowers  are  protected  by 
eheoaux  de  frite  of  spines  and  fine  hairs  pointing  downwards  {Carliruij 
Lamium);  some  have  a  number  of  glands  secreting  a  glutinous 
substance  over  which  the  ants  cannot  pass  {Linnaa,  gooseberry) ;  in 
others  the  tube  of  the  flower  is  itself  very  narrow,  or  is  almost  closed 
either  by  hairs  or  by  internal  ridges,  which  just  leave  space  for  the 
proboscis  of  a  bee,  but  no  more.  Lastly,  some,  and  especially  pendu* 
lous  flowers  (Oyc^men,  snowdrop),  are  so  smooth  and  slippery  that 
ants  cannot  easily  enter  them,  but  often  slip  off  in  the  attempt,  and 
thus  are  excluded,  just  as  the  pendulous  nests  of  the  weaver-birds 
preclude  the  entrance  of  snakes.  This,  however,  is  a  large  subject, 
into  which  I  cannot  now  enter. 

Let  me  in  conclusion  once  more  say,  that  as  it  seems  to  me,  not' 
withstanding  the  labours  of  those  great  naturalists  to  whom  I  grate- 
fully  referred  in  commencing,  there  are  in  natural  history  few  more 
promising  or  extensive  fields  for  research  than  the  habits  of  ants. 

[J.  L.] 
u  2 
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Vortex  Motion. 

Ih  oommencing  this  disoonrae  the  author  said.  Whatever  interest  or 
significance  the  facts  I  hope  to  set  before  you  may  have,  is  in  no 
small  degree  owing  to  their  having,  as  it  were,  eluded  the  close 
mathematical  search  which  has  been  made  for  Ihem,  and  to  their 
having  in  the  end  been  discovered  in  a  simple,  not  to  say  common- 
place, manner.  In  this  room  yon  are  accustomed  to  have  set  before 
you  the  latest  triumphs  of  mind  over  matter,  the  secrets  last  wrested 
^m  nature  by  gigantic  efforts  of  reason,  imagination,  and  the  most 
sldlful  manipulation.  To-night,  however,  after  you  have  seen  what  I 
shall  endeavour  to  show  you,  I  think  you  will  readily  admit  that  for 
once  the  case  is  reversed,  and  that  the  triumph  rests  with  nature,  in 
having  for  so  long  conccMded  what  has  been  so  eagerly  sought,  and 
what  is  at  last  found  to  have  been  so  thinly  covered. 

The  various  motions  which  may  be  caused  in  a  homogeneous 
fluid  like  water,  present  one  of  the  most  tempting  fields  for  mathe- 
matical research.  For  not  only  are  the  conditions  of  the  simplest, 
but  the  student  or  philosopher  has  on  all  hands  the  object  of  Iob 
research,  which,  whether  in  the  form  of  the  Atlantic  waves  or  of 
the  eddies  in  his  teacup,  constantly  claims  his  attention.  And, 
besides  this,  the  exigencies  of  our  existence  render  a  knowledge  of 
these  motions  of  the  greatest  value  to  us  in  overcoming  the  limitations 
to  which  our  actions  are  otherwise  subject. 

Accordingly  we  find  that  the  study  of  fluid  motion  formed  one  of 
the  very  earliest  branches  of  philosophy,  and  has  ever  since  held  its 
place,  no  subject  having  occupied  the  attention  of  mathematicians  more 
closely.  The  results  have  been,  in  one  sense,  very  successful ;  most 
important  methods  of  reasoning  have  been  developed,  mathematical 
methods,  which  have  helped  to  reveal  numberless  truths  in  other 
departments  of  science,  and  have  taught  us  many  things  about  fluids 
which  most  certainly  we  should  not  otherwise  have  found  out,  and  of 
which  we  may  some  day  find  the  application.    But  as  regitfds  the 


Digitized  by  VjOOQIC 


1877.]  on  Variex  MotUm.  273 

direct  object  in  ^iew,  the  lerelatioxi  of  the  iotnal  motioiii  of  flnids, 
tbe  research  has  completely  fidled.  And  now  that  generations  of 
mathematiGianB  have  passed  away,  now  that  the  mysteries  of  the  mo- 
tions of  the  heavenly  bodies,  of  the  earth  itself,  and  almost  of  every 
piece  of  solid  matter  on  the  earth  have  been  explained  by  mathe- 
maticians, the  simplest  problems  of  fluid  motion  are  yet  onsolved. 

If  we  draw  a  disc  flatwise  through  the  water,  we  know  by  a 
process  of  nnconscions  geometrical  reasoning  that  the  water  most 
move  ronnd  the  disc ;  bnt  by  no  known  mathematieal  process  could 
the  motion  be  ascertained  from  the  laws  of  motion.  If  we  draw  the 
plate  obliquely  through  the  water  we  experience  a  greater  pressure 
on  the  one  side  than  on  the  other.  Now  this  case,  representing  as  it 
does  the  principle  of  action  of  the  screw  propeller,  is  of  the  yery 
highest  importance  to  us;  and  yet,  great  as  has  been  the  research,  it 
has  revealed  no  law  by  which  we  may  in  a  given  case  calculate  the 
resistance  to  be  obtained,  or  indeed  tell  from  elementary  principles 
in  what  way  the  water  moves  to  let  the  plate  pass.  Again,  the  deter- 
mination of  the  resistance  which  solid  bodies,  suoh  as  chips,  encounter 
is  of  such  exceeding  economic  importance,  that  theory,  as  shipbuilders 
call  it,  having  fiuled  to  inform  them  what  to  expect,  efforts  have  been, 
and  are  still  being,  made  to  ascertain  the  laws  by  direct  experiment 
Instances  might  be  multiplied,  but  one  other  must  suffice.  If  we 
send  a  puff  of  fluid  into  oiher  fluid  we  know  &at  it  will  travel  to  a 
considerable  distance,  but  the  manner  in  which  it  will  travel  and  the 
motion  it  will  cause  in  the  surrounding  fluid,  mathematics  have  not 
revealed  to  us. 

Now  the  reasons  why  mathematicians  have  thus  been  baffled  by 
the  internal  motions  of  fluids  appear  to  be  very  simple.  Of  the 
internal  motions  of  water  or  air  we  can  see  notlung.  On  drawing 
the  disc  through  the  water  there  is  no  evidence  of  the  water  being 
in  motion  at  aU,  so  that  those  who  have  tried  to  explain  these  results 
have  had  no  clue ;  they  have  had  not  only  to  determine  the  degree 
and  direction  of  the  motion,  but  also  its  character. 

But  although  the  want  of  a  clue  to  the  character  of  the  motion 
may  explain  why  so  little  has  been  done,  it  is  not  so  easy  to  under- 
stand how  it  is  that  no  attempts  were  made  to  obtain  such  a  due.  It 
would  seem  that  a  certain  pride  in  mathematios  has  prevented  those 
engaged  in  these  investigations  from  availing  themselves  of  methods 
which  might  reflect  on  the  infallibility  of  reason. 

Suggestions  as  to  the  means  have  been  plentif  uL  In  other  cases 
where  it  has  been  necessary  to  trace  a  particular  portion  of  matter  in 
its  wanderinp  amongst  other  exactly  similar  portions,  ways  have  been 
found  to  do  it.  It  may  be  argued  that  the  influences  which  determine 
the  path  of  a  particular  portion  of  water  are  slight,  subtle,  and 
uncertain,  but  not  so  much  so  as  those  which  determine  the  path  of  a 
sheep.  And  yet  thousands  of  sheep  have  been  from  time  immemorial 
turned  loose  on  the  mountains  belonging  to  different  owners,  and 
although  it  probably  never  occurred  to  anyone  to  reason  out  the  paths 
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of  liis  pttrticnlar  sheep,  they  have  been  easily  identified  by  the  aid  of 
a  little  colour.  And  that  the  same  plan  might  be  pursued  with  fluids, 
every  oolnmn  of  smoke  has  been  eyidence* 

But  these  hints  appear  to  have  been  entirely  neglected,  and  it  was 
left  for  nature  herself,  when,  as  it  were,  fully  satisfied  with  having 
maintained  her  secret  so  long,  and  tired  of  throwing  out  hints  which 
were  not  taken,  at  last  to  divulge  the  secret  completely  in  the  beau- 
tiful phenomenon  of  the  smoke  ring.  At  last ;  for  the  smoke  ring  is 
probably  a  phenomenon  of  modem  times.  The  curls  of  smoke,  as 
they  ascend  in  an  open  space,  present  to  the  eye  a  hopeless  entangle- 
ment ;  and  although,  when  we  know  what  to  look  for,  we  can  see  as 
it  were  imperfect  rings  in  almost  every  smoke  doud,  it  is  rarely  that 
anything  sufficiently  definite  is  formed  to  attract  attention,  or  suggest 
anything  more  important  than  an  accidental  curl.  The  accidental 
rings,  when  they  are  formed  in  a  systematic  manner,  come  either 
from  the  mouth  of  a  gun,  the  puff  of  a  steam  engine,  or  the  mouth  of 
a  smoker,  none  of  which  circumstances  existed  in  ancient  times. 

Although,  however,  mathematicians  can  in  no  sense  be  said  to  have 
discovered  the  smoke  ring,  or  the  form  of  motion  which  it  reveals, 
they  were  undoubtedly  the  first  to  invest  it  with  importance.  Had 
not  Professor  Helmholts  some  twenty  years  ago  called  attention  to  the 
smoke  ring  by  the  beautiful  mathematical  explanation  which  he  gave 
of  its  motion,  it  would  in  all  probability  still  be  regarded  as  a  casual 
phenomenon,  chiefly  interesting  from  its  beauty  and  rarity.  Follow- 
ing dose  on  Helmholtz  came  Sir  William  Thomson,  who  invested 
these  rings  with  a  transcendental  interest  by  his  suggestions  that 
they  are  the  type  after  which  the  molecules  of  solid  matter  are 
constituted. 

The  next  thing  to  enhance  the  interest  which  these  rings  excited, 
was  Professor  Tait's  simple  and  perfect  process  of  producing  them  at 
wiU,  and  tiius  rendering  them  subjects  for  lecture-room  experiments.  . 
Considering  that  this  method  will  probably  play  a  great  part  in 
perfecting  our  notions  of  fluid  motion,  it  is  an  interesting  question 
how  Professor  Tait  came  to  hit  upon  it  There  is  only  one  of  the 
accidental  sources  of  these  rings  which  bears  even  a  faint  resemblance 
to  this  box,  and  that  is  the  mouth  of  a  smoker  as  he  produces  these 
rings.  Tlus  might  have  suggested  the  box  to  Professor  Tait.  But 
since  this  supposition  involves  the  assumption  that  Professor  Tait 
sometimes  indulges  in  a  bad  habit,  and  as  we  all  know  that  Professor 
Tait  is  an  eminent  mathematician,  perhaps  we  ought  rather  to 
suppose  that  he  was  led  to  his  discovery  by  some  occult  process 
of  reasoning  which  his  modesty  has  hitherto  kept  him  from  pro- 
pounding. 

But  however  this  may  be,  his  discovery  was  a  most  important  one, 
and  by  its  means  the  study  of  the  actual  motion  of  these  rings  hai^ 
been  carried  far  beyond  what  would  otherwise  have  been  possible. 

But  it  has  been  for  their  own  sake,  and  for  such  light  as  they  might 
throw  on  the  constitution  of  matter,  that  these  rings  were  studied. 


Digitized  by  VjOOQIC 


1877.]  on  Vortex  Motion.  276 

The  most  important  lesson  which  they  were  capable  of  teaching  still 
remained  unlearned.  It  does  not  appear  to  have  oocnned  to  anyone 
that  they  were  eyidenoe  of  a  general  form  of  fluid  motion,  or  that  the 
means  by  which  these  had  been  reyealed,  would  reveal  other  forms  of 
motion. 

There  was,  however,  at  least  one  exception,  which  will  not  be 
forgotten  in  this  room :  the  use  of  smoke  to  show  the  effect  of  sound 
upon  jets  of  air. 

Also,  the  late  Mr.  Henry  Deacon,  in  1871,  showed  that  minute 
vortex  rings  might  be  produced  in  water  by  projecting  a  drop  of 
coloured  water  from  a  small  tube.  And  his  experiments,  in  spite 
of  their  small  scale,  excited  considerable  interest. 

Four  years  ago,  being  engaged  in  investigating  the  action  of  the 
screw  propeller,  and  being  very  much  struck  by  the  difference  between 
some  of  the  results  he  obtained  and  what  he  had  been  led  to  expect, 
the  author  made  use  of  colour  to  try  and  explain  the  anomalies 
when  he  found  that  the  vortex  played  a  part  in  fluid  motion  which 
he  had  never  dreamt  of;  that,  in  fact,  it  was  the  key  to  almost  all 
the  problems  of  internal  fluid  motion.  That  these  results  were  equally 
new  to  those  who  had  considered  the  subject  much  more  deeply  than 
he  had,  did  not  occur  to  him  until  after  some  conversation  with 
Mr.  Fronde  and  Sir  William  Thomson. 

Having  noticed  that  the  action  of  the  screw  propeller  was  greatly 
affected  when  air  was  allowed  to  descend  to  the  blades,  he  was  trying 
what  influence  air  would  have  on  the  action  of  a  simple  oblique  vane, 
when  a  very  singular  phenomenon  presented  itself.  The  air,  instead 
of  rising  in  bubbles  to  the  surface,  ranged  itself  in  two  long  horizontal 
columns  behind  the  vane.  There  was  evidence  of  rotational  motion 
about  these  air  lines.  It  was  evident,  in  fact,  that  they  were  the 
central  lines  of  two  systematic  eddies. 

That  there  should  be  eddies  was  not  surprising,  but  eddies  had 
always  been  looked  upon  as  a  necessary  evil  which  j^sets  fluid  motion 
as  sources  of  disturbance,  whereas  here  they  appeared  to  be  the  very 
means  of  systematic  motion. 

Here  then  was  the  explanation  of  the  nature  of  the  motion  caused 
by  the  oblique  vane,  a  cylindrical  band  of  vortices  continually  pro- 
duced at  the  front  of  the  plate,  and  falling  away  behind  it  in  an 
obliquer  direction. 

The  recognition  of  the  vortex  action  caused  behind  the  oblique 
vane,  suggested  that  there  might  be  similar  vortices  behind  a  disc 
moving  &twise  through  the  water,  such  as  are  the  eddies  caused  by  a 
teaspoon. 

There  was  one  consideration,  however,  which  at  first  seemed  to 
render  this  improbable.  It  was  obvious  that  the  resistance  of  the 
oblique  vane  was  caused  in  producing  the  vortices  at  its  forward  part ; 
so  that  if  a  vortex  were  fonned  behind  a  flat  plate,  as  this  vortex  would 
remain  permanently  behind,  and  not  have  to  be  continually  elongated, 
the  resistance  shoidd  diminish  after  the  plate  was  once  set  in  motion  ; 
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whereoB  ezperienoe  appeared  to  show  that  this  was  by  no  means  the 
case.  It  appeared  probable,  therefoiej  that  from  some  distnrbing 
cause  the  vortex  would  not  form,  or  would  only  form  imperfeotlyy 
behind  the  plate. 

This  view  was  strengthened  when,  on  trying  the  resistance  of 
a  flat  plate,  it  did  not  appear  to  diminish  after  the  plate  had  been 
started. 

Accidentally,  howeyer,  it  was  found  that  if  the  float  to  which  the 
plate  was  attached  was  started  suddenly  and  then  released,  the  float 
and  plate  would  move  on  apparently  without  any  resistance.  And 
more  than  this,  for  if  the  float  were  suddenly  arrested  and  released,  it 
would  take  up  its  motion  again,  showing  that  it  was  the  water  behind 
that  was  carrying  it  on. 

There  was  evidence  therefore  of  a  vortex  behind  the  disc  In  the 
hope  of  rendering  this  motion  visible,  coloured  water  was  injected  in 
the  neighbourhood  of  the  disc,  and  then  a  beautiful  vortex  ring, 
exactly  resembling  the  smoke  ring,  was  seen  to  form  behind  the  disc. 
If  the  float  were  released  in  time,  this  ring  would  cany  the  disc  on 
with  it ;  but  if  the  speed  of  the  disc  were  maintarned  uniform,  the 
ring  gradually  dropped  behind  and  broke  up.  Here  then  was  another 
part  played  by  the  vortex  previously  undreamt  of. 

That  the  vortex  takes  a  systematic  part  in  almost  every  foxm  of 
fluid  motion  was  now  evident.  Any  irregular  solid  moving  through 
the  water  must  from  its  angles  send  off  lines  of  vortices  sudb  as  those 
behind  the  oblique  vane.  As  we  move  about  we  must  be  continually 
causing  vortex  rings  and  vortex  bands  in  the  air.  Most  of  these  will 
probably  be  irregular,  and  resemble  more  the  curls  in  a  smoke  cloud 
than  systematic  rings.  But  from  our  mouths  as  we  talk  we  must 
produce  numberless  rings. 

One  way  in  which  rings  are  produced  in  perhaps  as  great  numbers 
as  from  our  mouths  is  by  drops  falling  into  the  sea.  If  we  colour  the 
surface  of  a  glass  vessel  fiill  of  water,  and  then  let  drops  Ml  into  it,  rings 
are  produced,  which  descend  sometimes  as  much  as  two  or  three  feet 

But  the  most  striking  rings  are  those  produced  in  water,  in  a 
manner  similar  to  that  in  which  the  smoke  rings  are  produced,  using 
coloured  water  instead  of  smoky  air. 

These  rings  are  much  more  definite  than  smoke  rings,  and 
although  they  cannot  move  with  higher  velocities,  since  that  of  the 
smoke  ring  is  imlimited,  the  speed  at  which  they  move  is  much  more 
surprising. 

In  the  air  we  are  accustomed  to  see  objects  in  rapid  motion,  and  so 
far  as  our  own  notions  are  concerned,  we  are  unaware  of  any  resistance ; 
but  this  is  quite  otherwise  in  water.  Every  swimmer  knows  what  re- 
sistance water  offers  to  his  motions,  so  that  when  we  see  these  rings 
flash  through  the  water  we  cannot  but  be  surprised.  Yet  a  still  more 
striking  spectacle  may  be  shown,  if,  instead  of  coloured  water,  a  few 
bubbles  of  air  be  injected  into  the  box  from  which  the  puff  is  sent; 
a  beautiful  ring  of  air  is  seen  to  shoot  along  through  the   water, 
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sbowing,  like  the  Unm  of  air  behind  the  oblique  vaue,  little  or  no 
tendency  to  rise  to  the  surface. 

Sudi  is  the  ease  with  which  these  vortex  rings  in  water  move,  and 
so  slight  is  the  disturbance  which  they  cause  in  the  water  behind 
them,  as  to  lead  to  the  conclusion  that  they  experience  no  resistance 
whatever,  except  perhaps  a  little  caused  by  slight  irr^ularities  in 
their  construction.  Their  velocity  gradually  diminishes ;  but  this  would 
appear  to  be  accounted  for  by  their  growth  in  size,  for  they  are  thus 
continually  taking  up  fresh  water  into  their  constitution,  with  which 
they  have  to  share  their  velocity.  Careful  experiments  have  con- 
firmed this  view.  It  is  found  that  the  force  of  the  blow  they  will 
strike  is  nearly  independent  of  the  distance  of  the  object  struck  from 
the  orifice. 

The  discovery  of  the  ring  behind  the  disc  afforded  the  opportunity 
of  observing  the  characteristics  of  these  rings  much  better  than  was 
afforded  by  the  smoke  rings ;  and  also  suggested  facts  which  had  pre- 
viously been  overlooked.  The  manner  of  motion  of  the  water  which 
formed  the  ring  and  of  the  surrounding  water  was  very  clearly  seen. 
It  was  at  once  seen  that  the  visible  ring,  whether  of  coloured  water  or 
air,  was  merely  the  central  line  of  the  vortex ;  that  it  was  surrounded 
by  a  mass  of  coloured  water,  bearing  something  the  same  proportion 
to  the  visible  ring  as  a  ball  made  by  wrapping  string  (in  and  out) 
round  a  curtain  ring  until  the  aperture  was  entirely  filled  up.  The  disc, 
when  it  was  there,  formed  the  front  of  this  ball  or  spheroid  of  water, 
but  the  rest  of  the  surface  of  the  ball  had  nothing  to  separate  it  from 
the  surrounding  water  but  its  own  integrity.  Tet  when  the  motion  was 
very  steady  the  surface  of  the  ball  was  definite,  and  the  entire  moving 
mass  might  be  rendered  visible  by  colour.  The  water  within  the  ball 
was  everywhere  gyrating  round  the  central  ring,  as  if  the  coils  of 
string  were  each  spinning  round  the  curtain  ring  as  an  axis,  the 
water  moving  forwards  through  the  interior  of  the  ring  and  backwards 
round  the  outside,  the  velocity  of  gyration  gradually  diminishing  as 
the  distance  from  the  central  ring  is  increased. 

The  way  in  which  the  water  moves  to  let  the  ball  pass  can  also  be 
seen,  either  by  streaking  the  water  with  colour  or  suspending  small 
balls  in  it.  In  moving  to  get  out  of  the  way  and  let  the  ball  of  water 
pass,  the  surrounding  water  partakes  as  it  were  of  the  gyrating 
motion  of  the  water  within  the  haU,  the  particles  moving  in  a  horse- 
shoe fashion,  so  that  at  the  actual  surface  of  the  hall  the  motion  of  the 
water  outside  is  identical  with  that  within,  and  there  was  no  rubbing 
at  the  surfEMse,  and  consequently  no  friction. 

The  maintenance  of  the  shape  of  the  moving  mass  of  water  against 
the  unequal  pressure  of  the  surrounding  water  as  it  is  pushed  out  of 
the  way  is  what  renders  the  internal  gyratory  motion  ensential  to 
a  mass  of  fluid  moving  through  a  fluid.  The  centrifugal  force  of  this 
gyratory  motion  is  what  balances  the  excess  of  pressure  of  the  sur- 
rounding water  in  the  front  and  rear  of  the  ball,  compared  with  what 
it  is  at  the  sides. 
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It  18  impossible  to  have  a  ring  in  wbicb  tbe  gyratory  motion 
is  great,  and  tbe  velocity  of  progression  slow.  Aa  tbo  one  motion  dies 
out  so  does  tbe  otber,  and  any  attempt  to  accelerate  tbe  velocity  of 
tbe  ring  by  urging  forward  tbe  disc,  invariably  destroyed  it. 

Tbe  striking  ease  witb  wbicb  tbe  vortex  ring,  or  tbe  disc  witb  tbe 
vortex  ring  bebind  it,  moves  tbrongb  tbe  water,  naturally  raised 
tbe  question  as  to  wby  a  solid  sbould  experience  re»stance.  Could  it 
be  tbat  tbere  was  sometbing  in  tbe  particular  spberoidal  sbape  of  tbese 
balls  of  water  wbicb  allowed  tbem  to  move  freely.  To  try  tbis, 
a  solid  of  tbe  same  sbape  as  tbe  fluid  ball  was  constructed  and  floated 
after  tbe  same  manner  as  tbe  disc  But  wben  tbis  was  set  in  motion, 
it  stopped  directly — it  would  not  move  at  alL  Wbat  was  tbe  cause  of 
tbis  resistance  ?  Here  were  two  objects  of  tbe  same  sbape  and  weigbt, 
tbe  one  of  wbicb  moved  freely  tbrougb  tbe  water,  and  tbe  otiier 
experienced  very  great  resistance.  Tbe  only  di£Eiarence  was  in  tbe 
nature  of  tbe  surface.  Aa  already  explained,  tbere  is  no  friction  at 
tbe  surface  of  tbe  water,  wbereas  tbere  must  be  Mction  between  tbe 
water  and  tbe  solid.  But  it  could  be  easily  sbown  tbat  tbe  resistance 
of  tbe  solid  is  mucb  greater  tban  wbat  is  accounted  for  by  its  surface 
friction  or  skin  resistance.  Tbe  only  otber  respect  in  wbicb  tbese 
two  sur&ces  differ  is  tbat  tbe  one  is  flexible,  wbile  tbe  otber  is 
rigid,  and  tbis  seems  to  be  tbe  cause  of  tbe  difference  in  resistance. 

If  ribbons  be  attacbed  to  tbe  edge  of  tbe  disc,  tbese  ribbons  will 
envelope  tbe  ball  of  water  wbicb  follows  it,  presenting  a  surface 
wbicb  may  be  mucb  greater  tban  tbat  of  tbe  solid ;  and  yet  tbis, 
being  a  flexible  surface,  tbe  resistance  of  tbe  disc  witb  tbe  vortex 
bebind  it  is  not  very  mucb  greater  tban  it  would  be  witbout  tbe 
ribbons — notbing  to  be  compared  to  tbat  of  tbe  solid. 

Colouring  tbe  water  bebmd  tbe  solid  sbows,  tbat  instead  of  passing 
tbrougb  tbe  water  witbout  disturbing  it,  tbere  is  very  great  disturb^ 
ance  in  its  wake.  An  interesting  question  is  as  to  wbetber  tbis  dis- 
turbance originates  witb  tbe  motion  of  tbe  solid,  or  only  after  tbe 
solid  is  in  motion.  Tbis  is  settled  by  colouring  tbe  water  immediately 
in  front  of  tbe  solid  before  it  is  started.  Tben  on  starting  it  tbe 
colour  is  seen  to  spread  out  in  a  film  entirely  over  tbe  surface  of  tbe 
solid,  at  first  witbout  tbe  least  disturbance,  but  tbis  follows  almost 
immediately. 

Among  tbe  most  striking  features  of  tbe  vortex  rings,  is  tbeir 
apparent  elasticity.  Wben  disturbed  tbey  not  only  recover  tbeir 
sbape,  but  vibrate  about  tbeir  mean  position  like  an  elastic  solid.  So 
mucb  so,  as  to  lead  Sir  William  Tbomson  to  tbe  idea  tbat  ihe 
elasticity  of  solid  matter  must  be  due  to  its  being  composed  of  vortex 
rings. 

But  apart  from  sucb  considerations,  tbis  vibration  is  interesting 
as  showing  tbat  tbe  only  form  of  ring  wbicb  can  progress  steadily  is 
tbe  circular.  Two  parallel  bands,  sucb  as  tbose  wbicb  follow  tbe 
oblique  vane,  could  progress  if  tbey  wore  infinitely  long,  but  if  not, 
tboy  must  be  continually  dostroyed  from  tbo  ends.     Tbose  wbicb 
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follow  the  obliqne  Tane  are  continually  dying  out  at  one  end,  and 
being  formed  again  at  the  other. 

H  an  oval  ring  be  formed  behind  an  oval  plate,  the  more  sharply 
cnnred  parts  travel  faster  than  the  flatter  parts ;  and  hence,  nnless  the 
plate  be  removed,  the  ring  breaks  up.  It  is  possible,  however,  to 
withdraw  the  plate,  so  as  to  leave  tiie  oval  ring,  which  proceeds 
wriggling  along  each  portion  moving  in  a  direction  perpendicular  to 
that  in  which  it  is  carved,  and  with  a  velocity  proportional  to  the 
sharpness  of  the  cnrvatnre.  So  that  not  only  does  the  ring  contina- 
ally  change  its  shape,  but  one  part  is  continuaUy  falling  behind,  and 
then  overtaking  the  other. 

These  were  some  of  the  forms  of  fluid  motion  which  imagination 
or  reason  had  failed  to  show  us,  but  which  had  been  revealed  by  the 
simple  process  of  colonring  the  water. 

Now  that  we  can  see  what  we  are  about,  mathematics  can  be  most 
nsefully  applied ;  and  it  is  expected  that  when  these  facts  come  to  be 
considered  by  those  best  able  to  do  so,  the  theory  of  fluid  motion 
will  be  placed  on  the  same  footing  as  the  other  branches  of  applied 
mechanics. 

[O.K.] 
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GENERAL  MONTHLY  MEETING, 

Monday,  February  6,  1877. 

Sir  T.  Fbidbriok  Elliot,  K.CJM:.G.  Vice-President,  in  the  Chair. 

Sir  Thomas  Dongas  Fors^h,  E.C.S.I. 
Miss  Gladstone. 

were  elected  Members  of  the  Boyal  Institntion* 

The  Pbisints  receiyed  since  the  hist  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  vis. : — 

FROM 

ArMquarU$y  Society  o/— PJroceedlngs,  Tol.  VII.  No.  1.    8vo.    1876. 

ArchsBologia,  Vol.  XLIV.  P&tt  2.    4to.    1877. 
Asiatic  Society,  JJoyol— Journal,  Vol.  IX.  Part  1.    8vo.    1876. 
Astronomical  Society,  /?oyaZ— Monthly  Notices,  VoL  XXXVII.  Noe.  1,  2.    8vo. 
Bavarian  Academy  of  Sciences,  Royal — Sitznngsberiohte,  1876 :  Heft  2.  8vo.  1876. 
Board  of  ^dmtrattt^— Catalogue  of  the  Admiralty  Library.    By  B.  Thorburn. 

4to.    1875. 
British  Architects,  Boyal  Institute  o/— Se8sio|n|il  Papers,  1876-7,  Nos.  2-4.    4to. 
British  Museum  rrtt^te^^—Catalogoo  of  British  Hymenoptera,  Part  I.  8vo.   1876. 
Bucknitl,  J,  C  M,D.  (the  Author)Sotea  on  Asylums  for  the  Insane  in  Amerioa. 

8vo.    1876. 
Carrire,  D.— M^moire  de  G^ro^trie.    4to.    1876. 
Chemical  Society— JovLm&l  for  Dec.  1876,  Jan.  1877.    8vo. 
Dawson,  Dr,  J.  W,  {the  Author)— On  a  Recent  Discovery  of  Oarbonifeions  Batra- 

chians  in  Nova  Scotia.    (From  American  Journal  of  Science,  1876.    8vo.) 
Dobelly  Hor<iee,  M.D,  (the  Editor) — ^Annual  Beports  on  Diseases  of  the  Chest. 

2  vols.    8vo.    1875-6. 
Editors — American  Journal  of  Science  for  Deo.  1876  and  Jan.  1877.    8vo. 

Ai^onaut  for  Dec.  1876  and  Jan.  1877.    8vo. 

AthensBum  for  Dec.  1876  and  Jan.  1877.    4to. 

Chemical  News  for  Dec.  1876  and  Jan.  1877.    4to. 

Engineer  for  Dec.  1876  and  Jan.  1877.    fol. 

Horoloeical  Joumnl  for  Feb.  1872- Jan.  1877.    8vo. 

Journal  for  Applied  Science  for  Deo.  1876  and  Jan.  1877.    fol. 

Nature  for  Dec.  1876  and  Jan.  1877.    4to. 

Nautical  Magazine  for  Deo.  1876  and  Jan.  1877.    8vo. 

Pharmaceutical  Joamal  for  Dec  1876  and  Jan.  1877.    8yo. 

Telegraphic  Journal  for  Dec.  1876-Jan.  1877.    8vo. 
Faraoni,  Dr.  M.  L.  (the  Author)— T^ynysk  oontro  la  Sifllide  e  la  Scrofula.    (L  16) 

8vo.    Milaiio,  1876. 
Franklin  InstitfUe—Jonmal,  Nos.  611-613.    8vo.    1876. 
Oeoffraphical  Society,  Boyol--Proceedings,  Vol,  XXI.  No.  1.    8vo.    1877. 
Gedogtedt  Snrwy  of  Jndio— Records,  Vol.  IX.  Part  4.    8vo.    1876. 
Hayden,  F.  V.  Esq.  United  States  Geologist— Bepori  of  United  States  Geological 
Survey,  Vol.  A.    A.  S.  Packard:  Monograph  of  the  PhalsBnidie  of  North 
America.     4to.     1876. 
Horticultural  Society,  i2(>ya2— Journal,  Vol.  IV.  Part  16.    8vo.    1877. 
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Lind$ay^  Ths  Lord.  MS,  JITi?.!.— Dun  Ecbt  Obeervatory  Publications,  Vol.  L 

4*0.    1877. 
Linnean  St>6i«<y— Transactions :  Second  Series :  Botany,  Vol.  L  Fart  4 ;  Zoology, 

Vol.  L  Part  4.    4to.    1876. 
Proceedings,  Koa  66,  87.    8vo.    1876. 
Uvenidgey  Profettw  A,  {fhe  Ati<ftor>— B£ineralB  of  New  South  Wales.    (K  101) 

8Ta    1876. 
Disease  of  the  Sugar  Gane.    (016)    12ino.    1876. 
ManOiwain,  Oeorge,  Stq.  MM  J.  (the  ^ii<ftor)— Vivisection :  being  Short  Oomments 

on  Certain  Parts  of  the  Eyidenoe  given  before  the  Boyal  Commiflsion.    8vo. 

1877. 
ManehaaierQtohgiealSoady^Tni^^  Parts  5,  6.  8vo.  1876-7. 

Meckanioal  Engineer^  Iiife/ettetoi»~ProceediDg8,  Oct.  1876.    8vo. 
Montpdlier  AoadimiA  det  8eienee^^'bL4moiieB,  Tome  VIII.  Fasc  4.    4to.    1876. 
North  of  England  Inditute  p/ ^gtiMers—Transaotions,  Vol.  XXV.    8vo.    1876. 
Pole,  WiOdam,  Etq.  F.R£,  Mw.  D,  ((he  Auihor)—U{Q  of  Sir  William  Fairbaim, 

Bart.    8vo.    1877. 
Preuuieehe  Akademie  4er  IFtsKnscAa/tMi— Monatsberiohte :  Aug.  Sept  1876.  8vo. 
Awa{.8<M3/eij^o/JEUtfi&ttfyfc--Tran8action8,  VoLXXVILPart4.    4to.    1876. 

Proceedings,  Kos.  93-95.    8vo.    1875-6. 
Bowd  Society  of  Londoa— Proceedings,  Nos.  175, 176.    8vo.    1876. 

PhUosophioal  Transactions,  Vol.  CLXVI.  Part  1.    4to.    1876. 
8L  Petenlmrg,  AeadAnU  dee  iSbiefMSM— Bulletins,  Tooae  XXIL  No.  8.   4to.    1876. 
SmUhaonian  Ihstifu^ton—Smithsonian  Oontribations  to  Knowledge,  Vols.  XX. 

XXI.    4to.    1876. 
Symong^  O.  J.  Eeq,  (fihe  ulu(%or)  — Symons*  Monthly  Meteorological  Magazine, 

Nov.  Deo.  1876,  Jan.  1877.    8vo. 
TrMtu  Mouee  Corporation—Fog  Signals  :  A  Special  Gun,  &c    (P  12)  foL  1876. 
United  Service  InetittUion^Royal^ovane^,  ^0,98.    8vo.    1876. 
Volpicelliy  Sig,  P.— F.  Maico :  Le  Proprieta  dell'  Elettricitlt  Indotta,  Gontiaria,  &o. 

(KlOl)    8vo.    1876. 
^oo2(»gr»oa2  iSbeieey--Tran8aotion8,  VoL  IX.  Part  10.    4to.    1876. 
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WEEKLY  EVENING  MEETING, 

Friday,  FehruBxy  9,  1877. 

Sib  W.  F&kdkbiok  Pollook,  Bart.  M.A.  Yice-President, 
in  the  Chair. 

Fbanois  Galtoh,  Esq.  F.RS.  F.G.S.  M.BJ. 
Typical  Lomb  of  Heredity. 

Wi  are  far  too  apt  to  regard  common  eyenta  as  matters  of  coarse,  and 
to  accept  many  things  as  obvioos  truths  which  are  l^ot  obvious  truths 
at  all,  but  present  problems  of  much  interest  The  problem  to  which 
I  am  about  to  direct  attention  is  one  of  these. 

Why  is  it,  when  we  compare  two  groups  of  persons  selected  at 
random  from  tiie  same  race,  but  belonging  to  different  generations  of 
it,  we  find  them  to  be  closely  alike?  Such  statistiod  differences 
as  there  may  be,  are  always  to  be  ascribed  to  differences  in  the  general 
conditions  of  their  lives ;  with  these  I  am  not  concerned  at  present ; 
but  so  far  as  regards  the  processes  of  heredity  alone,  the  resemblance 
of  consecutiye  generations  is  a  fact  common  to  all  forms  of  life. 

In  each  generation  there  will  be  tall  and  short  individuals,  heavy 
and  light,  strong  and  weak,  dark  and  pale ;  yet  the  proportions  of  the 
innumerable  grades  in  which  these  several  characteristics  occur  tend 
to  be  constant  The  records  of  geolo^cal  history  afford  striking 
evidences  of  this  statistical  similarity.  Fossil  remains  ot  plants  anS 
animals  may  be  dug  out  of  strata  at  such  different  levels,  that  thou- 
sands of  generations  must  have  intervened  between  the  periods  in 
which  they  lived ;  yet  in  large  samples  of  such  fossils  we  seek  in  vain 
for  peculiarities  tiiat  will  distingniah  one  generation  taken  as  a  whole 
from  another,  the  different  sizes,  marks,  and  variations  of  every  kind, 
occurring  with  equal  frequency  in  both.  The  processes  of  heredity 
are  found  to  be  so  wonderfully  balanced,  and  their  equilibrium  to  be 
so  stable,  that  they  concur  in  maintaining  a  perfect  statistical  resem- 
blance so  long  as  the  external  conditions  remain  unaltered. 

If  there  be  any  who  are  inclined  to  say  there  is  no  wonder  in  the 
matter,  because  each  individual  tends  to  leave  his  like  behind  him, 
and  therefore  each  generation  must  resemble  the  one  preceding,  I  can 
assure  them  that  they  utterly  misunderstand  the  case.  Individuals  do 
not  equally  tend  to  leave  their  like  behind  them,  as  will  be  seen  best 
frt)m  an  extreme  illustration. 

Let  us  then  consider  the  family  history  of  widely  different  groups, 
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say  of  100  men,  the  most  gigantic  of  their  race  and  time,  and  the  same 
nnmber  of  medimn  men.  Qiaiits  marry  much  more  rarely  than  me- 
diom  men,  and  when  they  do  marry  they  have  bat  few  children.  It  is 
a  matter  of  history  that  ihe  more  remarkable  giants  have  lefk  no  issue 
at  alL  Consequently  the  oflEspring  of  the  100  giants  would  be  much 
fewer  in  number  than  those  of  the  medium  men.  Again,  these  few 
would,  on  the  average,  be  of  lower  stature  than  their  fathers,  for  two 
reasons.  First,  their  breed  is  almost  sore  to  be  diluted  by  marriage. 
Secondly,  the  progeny  of  all  exceptional  individuals  tends  to  "  revert" 
towards  mediocrity.  Consequently  the  children  of  the  giant  group 
would  not  only  be  very  few,  but  they  would  also  be  comparatively 
short.  Even  of  these  the  taller  ones  would  be  the  least  likely  to 
live.  It  is  by  no  means  the  tallest  men  who  best  survive  hardships ; 
their  circulation  is  apt  to  be  languid  and  their  constitution  con- 
sumptive. 

It  is  obvious  from  this  that  the  100  giants  will  not  leave  behind 
them  their  quota  in  the  next  generation.  The  100  medium  men,  on 
the  other  hiuid,  being  more  fertile,  breeding  more  truly  to  their  like, 
being  better  fitted  to  survive  hardships,  &c.,  will  leave  more  than  their 
proportionate  share  of  progeny.  This  being  so,  it  might  be  expected 
that  there  would  be  fewer  giants  and  more  medium-sized  men  in  the 
second  generation  than  in  the  first.  Yet,  as  a  matter  of  fact,  the 
giants  and  medium-sized  men  will,  in  the  second  generation,  be  found 
in  the  same  proportions  as  before.  The  question,  then,  is  tiiis :  How 
is  it,  that  alUiough  each  individual  does  not  as  a  rule  leave  his  like 
behind  him,  yet  successive  generations  resemble  each  other  with  great 
exactitude  in  all  their  general  features  ? 

It  has,  I  believe,  become  more  generally  known  than  formerly,  that 
although  the  characteristics  of  height,  weight,  strength,  and  fleetness 
are  very  difSBrent  in  themselves,  and  though  different  species  of  plants 
and  animals  exhibit  every  kind  of  diversity,  yet  the  differences  in 
height,  weight,  and  every  other  characteristic,  among  members  of  the 
same  species,  are  universally  distributed  in  fiiir  conformity  with  a 
single  law. 

The  phenomena  with  which  that  law  deals  are  like  those  per- 
spectives spoken  of  by  Shakespeare,  which,  when  viewed  awry,  show 
nothing  but  confusion. 

Our  ordinary  way  of  looking  at  individual  differences  is  awry :  thus 
we  naturally,  but  wrongly,  judge  of  differences  in  stature  by  differences 
in  heights  measured  from  ihe  ground,  whereas  on  changing  our  point 
of  view  to  that  whence  the  law  of  deviation  regards  them,  by  taking 
the  average  height  of  the  race,  and  not  the  ground,  as  the  point  of 
reference,  all  confusion  disappears,  and  uniformity  prevails. 

It  was  to  Quetelet  that  we  were  first  indebted  for  a  knowledge  of 
the  fact,  that  the  amount  and  frequency  of  deviation  from  the  average 
among  members  of  the  same  race,  in  respect  to  each  and  every  cha- 
racteristic, tends  to  conform  to  the  mathematical  law  of  deviation. 

The  diagram  contains  extracts  from  some  of  the  tables  by  which 
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he  oorroborates  his  assertioii.  Three  of  the  series  in  them  refer  to 
the  heights  of  Americans,  French,  and  Belgians  respectively,  and  the 
fourth  to  the  strength  of  Belgians.  In  each  senes  there  are  two 
parallel  colmnns,  one  entitled  *^  obsenred,"  and  the  other  "  calculated,'* 
and  the  dose  conformity  between  each  of  the  pairs  is  very  striking. 
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These  tables  serve  another  purpose ;  they  enable  those  who  have 
not  had  experience  of  snch  statistics  to  appreciate  the  beautiful  balance 
of  the  processes  of  heredity  in  ensuring  the  repetition  of  such  finely 
graduated  proportions  as  those  that  the  tables  record. 

The  outline  of  my  problem  of  this  evening  is,  that  since  the  cha- 
racteristics of  all  plants  and  animals  tend  to  conform  to  the  law  of 
deviation,  let  us  suppose  a  typical  case,  in  which  the  conformity  shall 
be  exact,  and  which  shall  admit  of  discussion  as  a  mathematical  pro- 
blem, and  find  what  the  laws  of  heredity  must  then  be  to  enable 
successive  generations  to  maintain  statistical  identity. 

I  shall  have  to  speak  so  much  i^bout  the  law  of  deviation,  that  it  is 

Pig.  1. 


absolutely  necessary  to  tax  ^our  attention  for  a  few  minutes  to  explain 
the  principle  upon  which  it  is  based,  what  it  is  that  it  professes  to 
Vol.  VIII.    (No.  66.)  x 
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show,  and  what  the  two  nambers  are,  which  enable  long  series  to  be 
calculated  like  those  in  the  tables  just  referred  to.  The  simplest  way 
of  explaining  the  law  is  to  begin  by  showing  it  in  action.  For  this 
purpose  I  wul  use  an  apparatus  that  I  employed  three  years  ago  in 
this  very  theatre,  to  illustrate  other  points  connected  wiit  the  law  of 
deviation.  An  extension  of  its  performance  will  prove  of  great  service 
to  us  to-night ;  but  I  will  begin  by  working  the  instrument  as  I  did  on 
the  previous  occasion.  The  portion  of  it  that  then  existed,  and  to 
which  I  desire  now  to  confine  your  attention,  is  shown  in  the  lower 
part  of  Fig.  1,  where  I  wish  to  direct  your  notice  to  the  stream  issuing 
from  either  of  the  divisions  just  above  the  dots,  to  its  dispersion  among 
them,  and  to  the  little  heap  that  it  forms  on  the  bottom  line.  This 
part  of  the  apparatus  is  like  a  harrow  with  its  spikes  facing  us ;  below 
these  are  vertical  compartments;  the  whole  is  fiiced  with  a  glass 
plate.  I  will  pour  pellets  from  either  of  these  divisions  or  from  any 
other  point  above  the  spikes ;  they  will  fall  against  the  spikes,  tumble 
about  among  them,  and  after  pursuing  devious  paths,  each  will  finally 
sink  to  rest  in  the  compartment  that  lies  beneath  the  place  whence  it 
emerges  from  its  troubles. 

The  courses  of  the  pellets  are  extremely  irregular;  it  rarely  happens 
that  any  two  starting  from  the  same  point  will  pursue  the  same  path 
from  beginning  to  end ;  yet,  notwithstanding  this,  you  will  observe 
the  regularity  of  the  outline  of  the  heap  formed  by  the  accumulation 
of  pellets. 

This  outline  is  the  geometrical  representation  of  the  curve  of 
deviation.  If  the  rows  of  spikes  had  been  few,  the  deviation  would 
have  been  slight,  almost  all  the  pellets  would  have  lodged  in  the  com- 
partment immediately  below  the  point  whence  they  were  dropped,  and 
would  then  have  resembled  a  column ;  if  they  had  been  very  numerous, 
they  would  have  been  scattered  so  widely  that  the  part  of  the  curve 
for  a  long  distance  to  the  right  and  left  of  the  point  whence  they  were 
dropped  would  have  been  of  uniform  width,  like  an  horizontal  bar. 
With  intermediate  numbers  of  rows  of  teeth,  the  curved  contour  of 
the  heap  would  assume  different  shapes,  all  having  a  strong  fiunily 
resemblance.  I  have  cut  some  of  these  out  of  cardboard  ;  Siey  are 
represented  in  the  diagrams  2,  8,  4  and  5,  below.  Theoretically 
speaking,  every  possible  curve  of  deviation  may  be  formed  by  an 
apparatus  of  this  sort,  using  extremely  numerous  and  delicate  spikes 
and  minute  pellets,  and  by  varying  the  length  of  the  harrow  and  the 
number  of  pellets  poured  in.  Or  if  I  draw  a  curve  on  an  elastic  sheet 
of  indiarubbOT,  by  stretching  it  laterally  I  produce  the  effects  of 
increased  dispersion;  by  stretching  it  verticidly  I  produce  that  of 
increased  numbers.  The  latter  variation  is  shown  by  the  three  curves 
in  each  of  the  four  diagrams ;  but  it  does  not  concern  us  to-night,  as 
we  are  dealing  with  internal  proportions,  which  are  not  aff^ted  by 
the  abscdute  number  of  the  sample  employed.  To  specify  the  variety 
of  curve  so  flu  as  dispersion  is  concerned,  we  must  measure  the 
amount  of  lateral  stretch  of  the  indiambber  sheet    The  curve  has  no 
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definite  ends,  so  we  have  to  select  and  define  two  points  in  its  base, 
between  which  the  stretch  may  be  measured.  One  of  these  points  is 
always  taken  directly  below  the  place  whence  the  pellets  were  poured 
in.  This  is  the  point  of  no  deviation,  and  represents  the  mean  posi- 
tion of  all  the  pellets,  or  the  average  of  a  race.  It  is  marked  as  0°. 
The  other  point  is  conveniently  tc^en  at  the  foot  of  the  vertical  line 
that  divides  either  half  of  the  symmetrical  figure  into  two  equal  areas. 
I  take  a  half  curve  in  cardboard  that  I  have  again  divided  into  two 
portions  along  this  line ;  the  weight  of  the  two  portions  is  equal. 
This  distance  is  the  value  of  V  of  deviation,  appropriate  to  each 
curve.  We  extend  the  scale  on  either  side  of  0^  to  as  many  degrees 
as  we  like,  and  we  reckon  deviation  as  positive,  or  to  be  added  to  the 
average,  on  one  side  of  the  centre,  say  to  the  right,  and  negative  on 
the  other,  as  shown  on  the  diagrams.  Owing  to  l^e  construction,  one- 
quarter  or  25  per  cent,  of  the  pellets  will  He  between  0^  and  1°,  and 
Uie  law  shows  that  16  per  cent,  will  lie  between  -f- 1^  and  +  ^«  ^  P^ 

cent,  between  -f-  2°  and  -f-  2P  and 
Fio.  6.  80  on.     It  is  unnecessary  to  go 

more  minutely  into  the  figures,  for 
it  will  be  easily  understood  that  a 
formula  is  capable  of  giving  re- 
sults to  any  minuteness  and  to  any 
fraction  of  a  degree. 

Let  us,  for  example,  deal  with 
the  case  of  the  American  soldiers. 
I  find,  on  referring  to  Gould's  Book, 
that  1^  of  deviation  was  in  their 
case  1*676  inches.  The  curve  I 
hold  in  my  hand,  Fig.  6,  has  been 
drawn  to  that  scale.  I  also  find 
that  their  average  height  was  67  *  24 
inches.  I  have  here  a  standard 
marked  with  feet  and  inches.  I 
apply  the  curve  to  the  standard,  and 
immediately  we  have  a  geometrical 
representation  of  the  statistics  of 
height  of  all  those  soldiers.  The 
lengths  of  the  ordinates  show  the 
proportion  of  men  at  and  about  their 
heights,  and  the  area  between  any  pairs  of  ordinates  gives  the  propor- 
tionate number  of  men  between  those  limits.  It  is  indeed  a  struige 
fact,  that  any  one  of  us  sitting  quietly  at  his  table  could,  on  being  told 
the  two  numbers  just  mentioned,  draw  out  a  curve  on  ruled  paper, 
from  which  thousands  of  vertical  lines  might  be  chalked  side  by  side 
on  a  wall,  at  the  distance  apart  that  is  taken  up  by  each  man  in  a  rank 
of  American  soldiers,  and  know  that  if  the  same  number  of  these 
American  soldiers,  taken  indiscriminately,  had  been  sorted  according 
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to  their  stature  and  marohed  np  to  the  wall,  each  man  of  them  would 
find  the  chalked  line  which  he  saw  opposite  to  him  to  be  of  exactly 
his  own  height  80  &r  as  I  can  judge  from  the  run  of  the  figures  in 
the  table,  the  error  would  never  exceed  a  quarter  of  an  inch,  except  at 
ei&er  extremity  of  the  series. 

The  principle  of  the  law  of  deviation  is  very  simple.  The  im« 
portant  influences  that  acted  upon  each  peUet  were  tiie  same ;  namely, 
the  position  of  the  point  whence  it  was  dropped,  and  the  force  of 
gravity.  So  far  as  these  are  concerned,  every  pellet  would  have 
pursued  an  identical  path.  But  in  addition  to  these,  there  were  a  host 
of  petty  disturbing  influences,  represented  bv  the  spikes  among  which 
the  peUets  tumbled  in  all  sorts  of  ways.  The  theory  of  combination 
shows  that  the  commonest  case  is  that  where  a  pellet  fedls  equally 
often  to  the  right  of  a  spike  as  to  the  left  of  it,  and  therefore  drops 
into  the  compi^tment  vertically  below  the  point  where  it  entered  the 
harrow.  It  also  shows  that  we  cases  are  very  rare  of  runs  of  luck 
carrying  the  peUet  much  oftener  to  one  side  than  the  other  of  the 
successive  spikes.  The  law  of  deviation  is  purely  numerical ;  it  does 
not  regard  the  hd  whether  the  objects  treated  of  are  pellets  in  an 
apparatus  like  this,  or  shots  at  a  target,  or  games  of  chajice,  or  any 
other  of  the  numerous  groups  of  occurrences  to  which  it  is  or  may  bo 
applied.* 

I  have  now  done  with  my  description  of  the  law.  I  know  it  has 
been  tedious,  but  it  is  an  extremely  difficult  topic  to  handle  on  an 
occasion  like  this.  I  trust  the  application  of  it  will  prove  of  more 
interest. 

First,  let  me  point  out  a  ficust  whidi  Quetelet  and  all  writers  who 
have  followed  in  his  path  have  unaccountably  overlooked,  and  which 
has  an  intimate  bearmg  on  our  work  to-night  It  is  that,  although 
characteristics  of  plants  and  animals  conform  to  the  law,  the  reason  of 
their  doing  so  is  as  yet  totally  unexplained.  The  essence  of  tiie  law  is 
that  differences  should  be  wholly  due  to  the  collective  actions  of  a  host 
of  independent  petiy  influences  in  various  combinations,  which  were  re- 
presented by  the  teeth  of  the  harrow,  among  which  the  pellets  tumbled 
in  various  ways.  Now  the  processes  of  herodity  that  limit  the  number 
of  the  children  of  one  class,  such  as  giants,  that  diminish  their  resem- 
blance to  their  fathers,  and  kill  many  of  them,  are  not  petty  influences, 
but  very  important  ones.  Any  selective  tendency  is  ruin  to  the  law 
of  deviation,  yet  among  the  processes  of  heredi^  there  is  the  large 
influence  of  natural  selection.  The  conclusion  is  of  the  greatest  im- 
portance to  our  probleuL  It  is,  that  the  processes  of  heredity  must 
work  harmoniously  with  the  law  of  deviation,  and  be  themselvee  in 
some  sense  conformable  to  it.  Each  of  the  processes  must  show  this 
conformity  separately,  quite  irrespectively  of  the  rest    It  is  not  an 

*  Quetelet,  apparently  from  habit  rather  than  theory,  always  adopted  the 
binomial  law  of  error,  basing  his  tables  on  a  binomial  of  high  power.  It  is  absor 
lately  neoessary  to  the  theonr  of  the  present  paper  to  get  rid  of  binomial  limitations 
and  to  consider  the  law  of  deviation  or  error  in  its  exponential  form. 
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admisaible  hypothesis  that  any  two  or  more  of  them,  such  as  lerersioii 
and  natural  selection,  should  follow  laws  so  exactly  inverse  to  one 
another  that  the  one  should  reform  what  the  other  had  deformed; 
because  characteristics,  in  which  the  relative  importance  of  the  various 
processes  is  very  different,  are  none  the  less  capable  of  conforming 
closely  to  the  typical  condition. 

When  the  idea  first  occurred  to  me,  it  became  evident  that  the 
problem  might  be  solved  by  the  aid  of  a  very  moderate  amount  of  ex- 
periment The  properties  of  the  law  of  deviation  are  not  numerous, 
and  they  are  very  peculiar.  All,  therefore,  that  was  needed  from 
experiment  was  suggestion.  I  did  not  want  proo(  because  the 
theoretical  exigencies  of  the  problem  would  afford  that  What  I 
wanted  was  to  be  started  in  the  right  direction. 

I  will  now  allude  to  my  experiments.  I  cast  about  tor  some  time 
to  find  a  population  possessed  of  some  measurable  characteristic  that 
conformed  fairly  well  to  the  law,  and  that  was  suitable  for  investiga- 
tion. I  determined  to  take  seeds  and  their  weights,  and  after  many 
preparatory  inquiries,  fixed  upon  those  of  sweet-peas.  They  were 
particularly  well  suited  to  my  purposes;  they  do  not  cross-fertilise, 
which  is  a  very  exceptional  condition ;  they  are  hardy,  prolific,  of  a 
convenient  size  to  handle,  and  their  weight  does  not  alter  when  the 
air  is  damp  or  dry.  The  little  pea  at  the  end  of  the  pod,  so  cha« 
racteristic  of  ordinary  peas,  is  absent  in  sweet-peas.  I  weighed  seeds 
individually,  by  thousands,  and  treated  them  as  a  census  officer  would 
treat  a  large  population.  Then  I  selected  with  great  pains  several 
sets  for  planting.  Each  set  contained  seven  little  packets,  and  in  each 
packet  were  ten  seeds,  precisely  of  the  same  weight  Number  one  of 
the  packets  contained  giant  seeds,  all  as  nearly  as  might  be  of  +  3^ 
of  deviation.  Number  seven  contained  very  small  seeds,  all  of  —  8°  of 
deviation.  The  intermediate  packets  corresponded  severally  to  the 
intermediate  degrees  ±  2^  ±  P  and  0^  As  the  seeds  are  too  small 
to  exhibit,  I  have  cut  out  discs  of  paper  in  strict  proportion  to  their 
gizes,  and  strips  in  strict  proportion  to  their  weights,  and  have  hung 
below  them  the  foliage  produced  by  one  complete  set.  Many  friends 
and  acquaintances  each  undertook  the  planting  and  culture  of  a  com- 
plete set,  so  that  I  had  simultaneous  experiments  going  on  in  various 
parts  of  the  United  Kingdom.  Two  proved  fiEdlures,  but  the  final 
result  was  this :  that  I  obtained  the  more  or  less  complete  produce  of 
seven  sets,  that  is,  of  7  x  7  x  10,  or  490  carefully  weighed  seeds. 

It  would  be  wholly  out  of  place  if  I  were  to  enter  into  the  details 
of  the  experiments  themselves,  the  numerous  little  difficulties  and  im- 
perfections in  them,  or  how  I  balanced  donbtM  cases,  how  I  divided 
returns  into  groups,  to  see  if  they  confirmed  one  another,  or  how  I  con- 
ducted any  other  of  the  well-kiiown  statistical  operations.  Suffice 
it  to  say  that  1  took  immense  pains,  which,  if  I  had  understood  the 
general  conditions  of  the  problem  as  clearly  as  I  do  now,  I  should  not 
perhaps  have  cared  to  bestow.  The  results  were  most  satisfiictory. 
They  gave  me  two  data,  which  were  all  that  I  required  in  order  to 
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understand  the  sunplest  form  of  desoent,  and  so  I  got  at  the  heart  of 
the  problem  at  once. 

Simple  descent  means  this.  The  parentage  n^ust  be  single,  as  in 
the  case  of  the  sweet-peas  which  are  not  cross-fertilised,  and  the  rate 
of  production  and  the  incidence  of  natural  selection  must  both  be  in- 
dependent of  the  characteristic.  The  only  processes  concerned  in 
simple  descent  that  can  affect  the  characteristics  of  a  sample  of  a 
population  are  those  of  Family  Variability  and  Beversion.  It  is 
well  to  define  these  words  clearly.  By  iJEWiily  yariability  is  meant 
the  departure  of  the  children  of  the  same  or  similarly  descended 
families,  from  the  ideal  mean  type  of  all  of  them.  Beversion  is  the 
tendency  of  that  ideal  mean  filifd  type  to  depart  from  the  parent  type, 
** reverting"  towards  what  may  bid  roughly  and  perhaps  fairly  de- 
scribed as  the  average  ancestral  type.  If  family  variability  had  been 
the  only  process  in  simple  descent  that  affected  the  characteristics  of 
a  sample,  the  dispersion  of  the  race  from  its  mean  ideal  type  would 
indefinitely  increase  with  the  number  of  the  generations ;  but  reversion 
checks  this  increase,  and  brings  it  to  a  standstill,  under  conditions 
which  will  now  be  explained. 

On  weighing  and  sorting  large  samples  of  the  produce  of  each  of 
the  seven  different  classes  of  the  peas,  I  found  in  every  case  the  law 
of  deviation  to  prevail,  and  in  every  case  the  value  of  1°  of  deviation 
to  be  the  same.  I  was  certainly  astonished  to  find  the  family  varia- 
bility of  tiie  produce  of  the  little  seeds  to  be  equal  to  that  of  the  big 
ones ;  but  so  it  was,  and  I  thankfully  accept  the  fact ;  for  if  it  had  been 
otherwise,  I  cannot  imagine,  from  theoretical  considerations,  how  the 
typical  problem  could  be  solved. 

The  next  great  fact  was  that  reversion  followed  the  simplest 
possible  law;  the  proportion  being  constant  between  the  deviation  of 
the  mean  weight  of  the  produce  generally  and  the  deviation  of  the 
parent  seed,  reckoning  in  every  case  from  one  standard  point.  In  a 
typical  case,  that  standard  must  be  the  mean  of  the  race,  otherwise  the 
deviation  would  become  unsymmetrical,  and  cease  to  conform  to  the  law. 

I  have  adjusted  an  apparatus  (Fig.  1)  to  exhibit  the  action  of  these 
two  processes.  We  may  consider  them  to  act  not  simultaneously,  but 
in  succession,  and  it  is  purely  a  matter  of  convenience  which  of  the 
two  we  suppose  to  act  the  first.  I  suppose  first  Beversion,  then 
Family  Variability.  That  is  to  say,  I  suppose  the  parent  first  to 
revert,  and  then  to  tend  to  breed  his  like.  So  there  are  three  stages : 
(1)  the  population  of  parents,  (2)  that  of  reverted  parents,  (3)  that  of 
their  o£bpring ;  or,  what  comes  to  the  same  thing,  (1)  the  population 
of  parents,  (2)  that  of  the  mean  produce  of  each  parent,  (3)  that  of  their 
actual  prodaoe.  In  arranging  the  apparatus  I  have  supposed  the 
population  to  continue  uniform  in  numbers.  This  is  a  matter  of  no 
theoretiod  concern,  as  the  whole  of  this  memoir  relates  to  the  (dustin- 
guishing  peculiarities  of  samples  irrespectively  of  the  absolute  number 
of  individuals  in  those  samples.  The  apparatus  consists  of  a  row  of 
vertical  compartments,  with  trap-doors  below  them,  to  hold  pellets 
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which  serre  as  representatiyes  of  a  population  of  seeds.  I  will  begin 
with  showing  how  it  expresses  Beversion.  In  the  apper  stage  of  the 
apparatos  the  number  of  pellets  in  each  compartment  represents  the 
reUtive  number  in  a  population  of  seeds,  whose  weight  deyiates  from 
the  average,  within  the  limits  expressed  by  the  distances  of  the  sides 
of  that  compartment  from  the  middle  point  The  correct  shape  of  the 
heap  has  been  ensnred  by  a  slit  of  the  proper  curvature  in  the  board 
that  forms  the  back  of  the  apparatus.  As  the  apparatus  is  glased  in 
front,  I  have  only  to  pour  pelleta  from  above  until  they  reach  the 
level  of  the  slit  Such  overplus  as  may  have  been  poured  in  will  run 
through  the  slit,  to  waste,  at  the  back.  The  pellets  to  the  right 
of  the  heap  represent  the  heaviest  seeds,  those  to  the  left  the  li§^test. 
I  ahaU  shortly  open  the  trap-door  on  which  the  few  representatives  of 
the  giant  seeds  rest  They  will  run  downwards  through  an  inclined 
shoo^  and  Ml  into  another  compartment  nearer  the  centre  than 
before.  I  shall  repeat  the  process  on  a  second  compartment  in  the 
upper  stage,  and  successively  on  all  the  others.  Every  shoot  converges 
towards  one  standard  point  in  the  middle  vertical  line ;  therefore  ike 
present  shape  of  the  heap  of  pellete  is  more  contracted  in  width  than 
it  was  before,  and  is  of  course  more  humped  up  in  the  middle.  We 
need  not  regard  the  humping  up ;  what  we  have  to  observe  is,  that 
each  degree  of  deviation  is  simultaiieously  lessened.  The  effoct  is  as 
though  the  curve  of  the  first  heap  had  been  copied  on  a  stretched 
sheet  of  indiarubber  that  was  subsequently  released.  It  is  obvious 
from  this  that  the  process  of  reversion  co-operates  with  the  general 
law  of  deviation.  The  diagram  that  I  annexed  to  Fig.  1,  shows  the 
principle  of  the  process  of  reversion  in  a  way  that  will  be  readily 
understood  by  many  of  those  who  are  present 

I  have  now  to  eidiibit  the  effecte  of  variability  among  members  of 
the  same  fiunily.  It  will  be  recollected  that  the  produce  of  peas 
of  the  same  class  deviated  normally  on  either  side  of  their  own  mean 
weight ;  consequently,  I  must  cause  the  pellete  which  were  in  each  of 
the  u^per  compartmenta  to  deviate  on  eiUier  side  of  the  compartment 
in  which  they  now  lie,  which  corresponds  to  that  of  the  medium  weight 
of  their  produce.  I  open  the  trap-door  below  one  of  the  compart- 
menta in  the  second  stage,  the  pellete  run  downwards  throush  the 
harrow,  dispersing  as  they  run,  and  form  a  little  heap  in  the  lowest 
compartmente,  the  centro  of  which  heap  lies  vertically  below  the  trap- 
door through  which  they  felL  This  is  the  contribution  to  the  suc- 
ceeding generation  of  iJl  the  individuals  belonging  to  the  compart- 
ment in  the  upper  stage  from  which  they  came.  They  first  roverted 
and  then  dispersed.  I  open  another  trap-door,  and  a  similar  process 
is  gone  through ;  a  few  extrome  pellete  in  this  case  add  themselves  to 
the  first  formed  heap.  Again  I  continue  the  process ;  heap  adds  itself 
to  heap,  and  when  all  the  pellete  have  fallen  through,  we  see  that  the 
aggregate  contributions  bear  an  exact  resemblance  to  the  heap  from 
which  we  originally  started.  A  formula  (see  Appendix)  expresses 
the  conditions  of  equilibrium.    I  attended  to  these  conditions,  when  I 
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ent  out  the  slit  in  the  backboard  of  the  upper  compartment,  by  which 
the  shape  of  the  original  heap  was  regulated.  As  an  exa^nple  of  the 
results  that  follow  from  the  xormala,  I  may  mention  that  if  deviation 
after  reversion  is  to  deviation  before  reversion  as  4  to  5,  and  if  V  of 
funily  variability  is  six  units,  then  the  value  of  1°  in  the  population 
must  be  ten  units. 

It  is  easy  to  prove  that  the  bottom  heap  is  strictly  a  curve  of 
deviation,  and  that  its  scale  tends  invariably  to  become  the  same  as 
that  of  the  upper  one.  It  will  be  recollected  that  I  showed  that 
every  variety  (A  curve  of  deviation  was  producible  by  variations  in  the 
length  of  the  harrow,  and  that  if  the  pellets  were  intercepted  at  suc- 
cessive stages  of  their  descent  they  would  form  a  succession  of  curves 
of  increasing  scales  of  deviation.  The  curve  in  the  second  stage 
may  therefore  be  looked  upon  as  one  of  these  intercepts ;  all  that  it  re* 
ceives  in  sinking  to  the  third  stage  being  an  additional  dose  of  dispersion. 

As  regards  the  precise  scale  of  deviation  that  characterises  each 
population,  let  us  trace,  in  imagination,  the  history  of  the  descendants 
of  a  single  mediumndfled  seed.  In  the  first  generation  the  difforences 
are  merely  those  due  to  fiemiily  variability ;  in  the  second  generation  tiie 
tendency  to  wider  dispersion  is  somewhat  restrained  by  the  e£Eect  of 
reversion;  in  the  third,  the  dispersion  again  increases,  but  is  more 
largely  restrained,  and  the  same  process  continues  in  successive  gene- 
rations, until  the  step-by-step  progress  of  dispersion  has  been  overteJcen 
and  exactly  checked  by  the  growing  antagonism  of  reversion.  Hever- 
sion  acts  precisely  after  the  law  of  an  elastic  spring,  as  was  well  shown 
by  the  illustration  of  the  indiarubber  sheet.  Its  tendency  to  recoil 
increases  the  more  it  is  stretched,  hence  equilibrium  must  at  length 
ensue  between  reversion  and  family  variability,  and  therefore  the 
scale  of  deviation  of  the  lower  heap  must  after  many  generations 
always  become  identical  with  that  of  the  upper  one. 

We  have  now  surmounted  the  greatest  difficulty  of  our  problem ; 
what  remains  will  be  shortly  disposed  of.  This  refers  to  sexual 
selection,  productiveness,  and  natural  selection.  Let  us  henceforth 
suppose  the  heights  and  every  other  characteristic  of  all  members  of 
a  population  to  be  reduced  to  a  uniform  adult  male  standard  so  that 
we  may  treat  it  as  a  single  group.  Suppose,  for  example,  a  female 
whose  height  was  equal  to  the  average  female  height  +  8^  of  female 
deviation,  the  equivalent  in  terms  of  male  stature  is  the  average  male 
height  -h  8^  of  male  deviation.  Hence  the  female  in  question  must 
be  registered  not  in  the  feet  and  inches  of  her  actual  height^  but  in 
those  of  the  equivalent  nude  stature. 

On  this  supposition  we  may  take  the  numerical  mean  of  the  stature 
of  each  couple  as  the  equivalent  of  a  single  hermaphrodite  parent,  so 
that  a  male  parent  plant  having  V  deviation,  and  of  a  female  parent 
plant  having  2^  of  deviation,  would  together  rank  as  a  single  self- 
fertilised  plant  of  +  1^^ 

In  order  that  Uie  law  of  sexual  selection  should  co-operate  with 
the  conditions  of  a  typical  population,  it  is  necessary  that  selection 
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should  be  nil;  that  is,  that  there  should  not  be  the  least  tendency  for 
tall  men  to  marry  tall  women  rather  than  short  ones.  Each  strictly 
typical  quality  taken  by  itself  must  go  for  nothing  in  sexual  selection. 
Under  these  circumstances,  one  of  the  best  known  properties  of  the 
law  of  deviation  (technically  cidled  that  of  ^'  two  &llible  measures  ") 
shows  that  the  population  of  sums  of  couples  would  conform  truly  to 
the  law,  and  the  yalue  of  1^  would  be  that  of  the  original  population 
multiplied  by  ^2.  Oonsequently  the  population  of  means  of  couples 
would  equally  conform  to  the  law;  but  in  this  case,  as  the  deviations 
of  means  of  couples  are  half  those  of  sums  of  couples,  the  1^  of 
original  deviation  would  have  to  be  divided  by  ^2. 

The  two  remaining  processes  are  Productiveness  and  Survival. 
Physiologically  they  are  alike,  and  it  is  reasonable  to  expect  the  same 
general  law  to  govern  both.  Natural  selection  is  measured  by  the 
percentage  of  survival  among  individuals  bom  with  like  character- 
istics. Productiveness  is  measured  by  the  average  number  of  children 
from  all  parents  who  have  like  characteristics,  but  it  may  physiologi- 
cally  be  looked  upon  as  the  percentage  of  survival  of  a  vast  and 
unknown  number  of  possible  embryos,  producible  by  such  parents. 
The  number  being  unknown  creates  no  difficulty,  if  there  may  be  con- 
sidered to  be,  on  an  average,  the  same  in  every  class.  Experiment 
could  tell  me  little  about  either  natural  selection  or  productiveness. 
What  I  have  to  say  is  based  on  plain  theory.  I  can  explain  this  best 
by  the  process  of  natural  selection.  In  each  species,  the  height,  &c., 
the  most  favoured  by  natural  selection,  is  tiie  one  in  which  the 
demerits  of  excess  or  deficiency  are  the  most  frequently  balanced.  It 
is  therefore  not  unreasonable  to  look  at  nature  as  a  marksman,  her 
aim  being  subject  to  the  same  law  of  deviation  as  that  which  causes 
the  shot  on  a  target  to  be  dispersed  on  either  side  of  the  point  aimed 
at  It  would  not  be  difficult,  but  it  would  be  tedious,  to  justify  the 
analogy ;  however,  it  is  unnecessary  to  do  so,  as  I  propose  to  base 
the  analogy  on  the  exigencies  of  the  typical  formula,  no  other  suppo- 
sition being  capable  of  fulfilling  its  requirements.      Suppose  for  a 

Fio.  7. 


moment  that  nature  aims,  as  a  marksman,  at  the  medium  class,  on 
purpose  to  destroy  and  not  to  save  it  Let  a  block  of  stcne,  as  is 
Fig.  7,  represent  a  rampart,  and  let  a  gun  be  directed  at  a  vertiod  lino 
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on  its  side  on  purpose  to  breach  it^  the  shots  would  fall  with  the 
greatest  frequency  in  the  neighbourhood  of  the  vertical  line,  and  their 
marks  would  diminish  in  frequency  as  the  distance  increased,  in  con- 
formity with  the  law  of  deyiation.  Each  shot  would  batter  away  a  bit 
of  stone,  and  the  ^ape  of  the  breach  would  be  such  that  its  horizontal 
outline  will  be  the  well-known  curve.  This  would  be  the  action  of 
nature  were  she  to  aim  at  the  destruction  of  medium  sizes.  Her 
action  as  preserver  of  them  is  the  exact  converse,  and  would  be  repre- 
sented by  a  cast  that  filled  the  gap  and  exactly  replaced  the  material 
that  had  been  battered  away.  The  percentage  of  thickness  of  wall 
that  had  been  destroyed  at  each  degree  of  deviation  is  represented  by 
the  ordinate  of  the  curve,  therefore  the  percentage  of  survival  is  also 
an  ordinate  of  the  same  curve  of  deviation.  Its  scale  has  a  special 
value  in  each  instance,  subject  to  the  general  condition  in  every 
typical  case,  that  its  0°  shall  correspond  to  the  0''  of  deviation  of 
height,  or  whatever  tiie  characteristio  may  be. 

In  Fig.  8,  the  thickness  of  wall  that  has  been  destroyed  at  each 

Fig.  & 


degree  of  deviation  is  represented  by  the  corresponding  ordinate  of 
the  horizontal  outline  of  the  portion  which  remains.  Similarly,  in  the 
case  of  an  imaginary  population,  in  which  each  class  was  equally 
numerous,  the  amount  of  survivors  at  each  degree  of  deviation  will  be 
represented  by  the  corresponding  ordinate  of  this  or  a  similar  curve. 

But  in  the  original  population  at  which  we  are  supposing  nature 
to  aim,  the  representatives  of  each  class  are  not  equally  numerous,  but 
are  arranged  according  to  the  law  of  deviation ;  the  middle  class  being 
most  numerous,  while  the  extreme  classes  are  but  scantily  represented. 
The  ordinate  of  the  above-mentioned  outline  will  in  this  case  repre- 
sent, not  the  absolute  number^  but  the  percentage  of  survivors  at  each 
degree  of  deviation. 

If  a  graphic  representation  is  desired,  that  shall  give  the  absolute 
number  of  survivors  at  each  degree,  we  must  shape  the  rampart  which 
forms  nature's  target  so  as  to  be  highest  in  the  middle  and  to  slope 
away  at  each  side  according  to  the  law  of  deviation.  Thus  Fig.  9 
represents  the  curved  rampart  before  the  battered  part  has  been 
removed ;  ¥ia.  10,  afterwards. 

I  have  to&en  a  block  of  wood  similar  to  Fig.  7,  to  represent  the 
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rampart ;  it  is  of  eqaal  height  throughout.  A  out  has  been  made  at 
right  anfflea  to  its  base  with  a  fretHww,  to  divide  it  into  two  portions 
— ^that  whioh  would  remain  after  it  had  been  breached,  Fig.  8,  and  the 


Fig.  9. 


cast  of  the  breach.  Then  a  second  cut  with  the  fret-saw  has  been 
made  at  right  angles  to  its  face,  to  cut  out  of  the  rampart  an  equiya- 
lent  to  the  heap  of  pellets  that  represents  the  original  population. 
The  gap  that  would  be  made  in  the  heap  and  the  cast  that  would  fill 
the  gap  are  curved  on  two  faces,  as  in  the  model.  This  is  sufficiently 
represented  in  Fig.  10. 

Fio.  10. 


The  operation  of  natural  selection  on  a  population  already  arranged 
according  to  the  law  of  deviation  is  represented  more  completely  in 
an  apparatus.  Fig.  11,  which  I  will  set  to  work  immediately. 

It  is  faced  with  a  sheet  of  glass.  The  heap,  as  shown  in  the  upper 
compartment  of  the  apparatus,  is  3  inches  in  tiiickness,  and  the  pellets 
rest  on  slides.  Directly  below  the  slides,  and  running  from  side  to 
side  of  the  apparatus,  is  a  curved  partition,  which  will  separate  the 
pellets  as  they  fall  upon  it,  into  two  portions,  one  that  runs  to  waste 
at  the  back,  and  another  that  falls  to  the  front,  and  forms  a  new  heap. 
The  curve  of  the  partition  is  a  curve  of  deviation.  The  shape  of  this 
heap  is  identical  with  the  cast  of  the  gap  in  Fig.  10.  It  is  highest 
and  thickest  in  the  middle,  and  it  fines  away  tows^s  either  extremity. 
When  the  slide  upon  which  it  rests  is  removed,  the  pellets  run  down 
an  inclined  plane  that  directs  them  into  a  frame  of  uniform  and  shal- 
low depth.  The  pellets  from  the  deep  central  compartments  (it  has 
been  impossible  to  represent  in  the  diagram  as  many  of  these  as  there 
were  in  the  apparatus)  will  stand  very  high  from  the  bottom  of  the 
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shallow  frame,  while  thoBe  that  came  from  the  distant  oompartments 
will  stand  even  lower  than  they  did  before!  It  follows  that  the 
selected  pellets  form,  in  the  lower  compartment,  a  heap  of  which  the 

Pig.  11. 


scale  of  deyiation  is  mnch  more  contracted  than  that  of  the  heap  from 
which  it  was  derived.  It  is  perfectly  normal  in  shape,  owing  to 
an  interesting  theoretical  property  of  the  law  of  deviation  (see  formula 
at  end  of  this  memoir). 

Productiveness  follows  the  same  general  law  as  survival,  being  a 
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percentage  of  possible  production,  though  it  is  usual  to  look  on  it  as  a 
simple  multiple,  without  first  multiplying  and  then  dividing  by  the  100. 
Looking  upon  it  as  a  simple  midtiple,  the  front  face  of  each  com- 
partment in  the  upper  heap  represents  the  number  of  the  parents 
of  the  same  class,  and  the  depth  of  the  partition  below  compartment 
represents  the  average  number  that  each  individual  of  that  class 
produces. 

To  sum  up.  We  now  see  clearly  the  way  in  which  the  resem- 
blance of  a  population  is  maintained.  In  the  purely  typical  case,  all 
the  processes  of  heredity  and  selection  are  subject  to  well-defined  and 
simple  laws,  which  I  have  formulated  in  the  appendix.  Family 
variability,  productiveness,  and  survival  are  fdl  subject  to  the  law  of 
deviation,  and  reversion  is  expressed  by  a  simple  fractional  coefficient. 
It  follows  that  when  we  know  in  respect  to  any  characteristic,  the 
values  of  1°  in  the  several  curves  of  family  variability,  productiveness 
and  survival,  and  when  we  know  the  coefficient  of  reversion,  we  know 
absolutely  all  about  the  ways  in  which  the  characteristio  in  question 
will  be  distributed  among  the  population  at  large* 

I  have  confined  myself  in  diis  explanation  to  purely  typical  cases, 
but  it  is  easy  to  understand  how  the  actions  of  the  processes  would  be 
modified  in  those  that  were  not  typical.  Reversion  might  not  be 
directed  towards  the  mean  of  the  race ;  neither  productiveness  nor 
survival  might  be  greatest  in  the  medium  classes,  and  none  of  their 
laws  may  be  strictly  of  the  typical  character.  However,  in  adl  cases 
the  general  principles  would  be  the  same,  and  the  same  actions  that 
restrain  variability  are  capable  of  restraining  the  departure  of  average 
values  beyond  certain  limits  in  cases  where  any  of  the  above-men- 
tioned processes  are  unsymmetrical  in  their  actions.  The  typical  laws 
are  those  which  most  nearly  express  what  takes  place  in  nature  gene- 
rally; they  may  never  be  exactly  correct  in  any  one  case,  but  at  the  same 
time  they  will  always  be  approximately  true  and  always  sernceable 
for  explttoation.  We  estimate  through  their  means  the  effects  of  the 
laws  of  sexual  selection,  of  productiveness,  and  of  survival,  in  aiding 
that  of  reversion  in  bridling  the  dispersive  effect  of  ffunily  variability. 
They  show  us  that  natural  selection  does  not  act  by  carving  out  eadi 
new  generation  according  to  a  definite  pattern  on  a  Procrustean  bed, 
irrespective  of  waste.  They  also  explain  how  smidl  a  contribution  is 
made  to  future  generations  by  those  who  deviate  widely  from  the 
mean,  either  in  excess  or  deficiency,  and  they  enable  us  to  discover  the 
precise  sources  whence  the  deficiencies  in  tiie  produce  of  exceptional 
types  are  supplied,  and  their  relative  contributions.  We  see  by  them 
that  the  ordinary  genealogical  course  of  a  race,  consists  in  a  constant 
outgrowth  from  its  centre,  a  constant  dying  awaiy  at  its  margins,  and  a 
tendency  of  the  scanty  remnants  of  all  exceptional  stock  to  revert  to 
that  mediocrity,  whence  the  majority  of  their  ancestors  originally 
sprang. 
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APPENDIX. 

I  will  now  prooeed  to  formulate  the  typical  laws.  In  what  has 
been  said,  1^  of  deviation  has  been  taken  equal  to  the  **  probable 
error"  =  0  x  0*4769  in  the  well-known  formula 


1 


»• 


According  to  this,  if  a;  =  amount  of  deviation  in  feet,  inches,  or  any 
other  external  unit  of  measurement,  then  the  number  of  individuals 
in  any  sample  who  deviate  between  x  and  x  -{-  Sx  will  vary  as 

e  *  e*  8  a;  (it  will  be  borne  in  mind  that  we  are  for  the  most  part  not 
concerned  with  the  coefficient  in  the  above  formula). 

Let  the  modulus  of  deviation  (c)  in  the  original  population,  after 
the  process  has  been  gone  through,  of  converting  the  measurements 
of  all  its  members  (in  respect  to  the  characteristic  in  question)  to  the 
adult  male  standard,  be  written  Cq, 

1.  Sexual  selection  has  been  taken  as  nU,  therefore  the  ^pulation 
of  **  parentages "  is  a  population  of  which  each  unit  consists  of  the 
mean  of  a  couple  taken  indiscriminately.  This,  as  well  known,  will 
ccmform  to  the  law  of  deviation,  and  its  modulus,  which  we  will  write 

e^,  has  already  been  shown  to  be  equal  to  —j^  •  Cq. 

2.  Bevendon  is  expressed  by  a  simple  fractional  coefficient  of  the 
deviation,  which  we  will  write  r.  In  the  '*  reverted "  parentages  (a 
phrase  whose  meaning  and  purport  have  already  been  explained), 

1         -J!!L 

re  Jit 

In  short,  the  population  of  which  each  unit  is  a  reverted  parentage 

follows  the  law  of  deviation,  and  has  its  modulus,  which  we  ynXi 

write  <^,  equal  to  rcj. 

8.  I^x)ductivene8S.    We  saw  that  it  followed  the  law  of  deviation ; 

let  its  modulus  be  written/.    Then  the  number  of  children  to  each 

parentage  that  differs  by  tiie  amount  of  x  from  the  mean  of  the 

parentages  generally  (i.e.  from  the  mean  of  the  race)  will  vary  as 

^  '  -^ 

e" p ;  but  the  number  oC'such  parentages  varies  as  6    e,*,  therefoife 

if  each  d^d  absolutely  resembled  his  parent,  the  number  of  children 

who  deviated  x  would  vary  as  «"/•  X  «"c,«,  or  as  a"*  t/»  c.m. 
Hence  the  deviations  of  such  children  in  their  amount  and  frequency 
would  conform  to  the  law,  and  the  modulus  of  the  population  of 
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children  in  the  snppofled  case  of  absolute  resemblance  to  their  parents, 
which  we  will  write  c,,  is  such  that 


I'^ihl)- 


We  maj,  however,  consider  the  parents  to  be  multiplied,  and  thd 
prodnctivitj  of  each  of  them  to  be  uniform ;  it  is  more  ccmTenieni 
than  the  converse  supposition,  and  it  comes  to  the  same  thing.  So 
we  will  suppose  the  reverted  parentages  to  be  more  numerous  but 
equally  prolific,  in  which  case  their  modulus  will  be  63,  as  above. 

4.  Family  variability  was  shown  b^  experiment  to  follow  the  law 
of  deviation,  its  modulus,  which  we  will  write  «,  being  the  same  for 
all  classes.  Therefore  the  amount  of  deviation  of  any  one  of  the 
ofbpring  from  the  mean  of  his  race  is  due  to  the  combination  of  two 
influences — the  deviation  of  his  "reverted"  parentaffe  and  his  own 
family  variability;  both  of  which  follow  the  law  of  deviation.  This 
is  obviously  an  instance  of  the  well-known  law  of  the  "  sum  of  two 
fallible  measures."  *  Therefore  the  modulus  of  the  population  in  the 
present  stage,  which  we  will  write  C4,  is  equal  to  ^  ^o*  -f"  ^s')* 

5.  Natural  selection  follows,  as  has  been  explained,  we  same 
general  law  as  productiveness.  Let  its  modulus  be  written  «,  then 
Uie  percentage  of  survivals  among  children,  who  deviate  x  from  the 

s* 

mean,  varies  as  «~  •* ;  and  for  the  same  reasons  as  those  already  given, 
its  effect  will  be  to  leave  the  population  still  in  conformity  wifli  the 
law  of  deviation,  but  with  an  altered  modulus,  which  we  will  write 
«ft»*nd 

Putting  these  together,  we  have,  starting  with  the  original  popu- 
lation having  a  modulus  «=  c^, 

1 

1.  C|  s=  — c,. 

Vf 

2.  c,  =  rcj. 

And  lastly,  as  the  condition  of  maintenance  of  statistical  resemblance 
in  consecutive  generations, 

6.    Cg  =  c«. 


Airy,  *  Theory  of  Erron,*  §  43. 
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Henoe,  given  the  coefficient  r  and  the  moduli  v^f^  $^  the  value  of 
Cq  (or  e^)  can  be  easily  calculated. 

In  the  case  of  simple  descent,  which  was  the  one  first  oonsidered, 
we  have  nothing  to  do  with  Cq,  but  begin  from  e^.  Again,  as  both 
fertility  and  natural  selection  are  in  this  case  uniform,  the  values  of/ 
and  $  are  infinite.    Oonsequentlj  our  equations  are  reduced  to 

whence 

Suppose,  for  example^  that  r  =  f  and  v  s  6,  then 
,         86         80x25      ,^ 

or 

Ci  =  10, 

fts  was  mentioned  in  the  course  of  the  foregoing  remarks. 

[F.  G.J 
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WEEKLY  EYENINO  MEETINO, 

Friday,  February  16, 1877. 

Sib  T.  Fbidibiok  Eluot,  E.G.  H.O.  Yice-Prasident,  in  the  Chair. 

Pborbsob  Fbbdbbiok  Guthbib,  FJLS. 

SoUd  Water. 

Whbn,  some  months  ago,  I  receiTed,  through  your  excellent  Secretary, 
a  notification  of  your  ^nsh  that  I  shoold  undertake  one  of  these  Friday 
eyening  disconrses,  I  looked  npon  the  invitation  as  a  command :  as  a 
command,  if  for  no  other  reason,  because,  for  some  years  past,  I  have, 
through  your  courtesy,  been  privileged  to  participate  between  these 
walls  in  many  a  rare  intellectual  treat. 

As  I  cast  about  for  a  suitable  subject,  I  felt  sure  that,  at  your 
hands,  I  should  not  incur  the  charge  of  egoism  if  I  brought  before 
you,  as  briefly  and  simply  as  I  could,  the  results  of  some  experi* 
mental  researches  which  for  the  last  few  years  have  engrossed  my 
leisure  time.  And  whatever  hesitation  I  had  in  selecting  a  subject 
of  this  nature,  has  been  obliterated  by  the  feeling  that  what  I  have  to 
speak  of  to-night  illustrates  a  generalization  which,  I  think,  has  not 
hitherto  been  entmciated  with  sufficient  distinctness,  but  which  may 
be  maintained  with  great  show  of  reason.  I  will  not  call  it  a  law  of 
nature,  for  they  who  use  the  term  law  in  connection  with  natural 
phenomena  are,  I  believe,  neither  sufficiently  alive  to  the  insignifi- 
cance of  law,  nor  to  the  omnipotence  of  nature.  Let  me  therefore 
call  what  I  mean  by  the  more  expressive,  because  more  ambiguous, 
term  "  Generalization."  It  is  this :  '*  Substances  which  are  most  abun- 
dant are  in  their  nature  most  exceptional."  At  once,  among  tho 
elements  we  find  that  great  trinity,  oxygen,  hydrogen,  and  nitrogen, 
standing  as  a  group  &r  removed  Srom  other  elements,  only  to  differ 
from  one  another  by  immeasurable  intervals.  The  metal  sodium, 
than  which  there  is  none  more  remarkable,  is  perhaps  the  most 
abundant ;  while  the  rarer  metals,  such  as  gold,  platinum,  osmium, 
iridium,  Ac.,  have  many  characteristics  in  common. 

It  will  not  do  to  push  this  proposition  too  fiir:  for  even  as 
I  spoke,  instances  have  occurred  to  you,  as  they  have  to  me,  where 
the  generalization  appears  at  least  to  faiL  If,  however,  I  wished  to 
adduce  the  strongest  testimony  in  its  favour,  I  should  speak  of  water, 
a  compound  body,  and  of  all  compound  bodies  as  simple  as  any,  and 
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perliape  as  abundant.  Let  me  glance  at  the  properties  which  render 
it  pre-eminent.  Of  all  compound  liquids,  it  has  by  far  the  greatest 
hardness  or  cohesion.  Gather  under  like  circumstances  drops  of 
water  and  of  all  other  known  liquids,  and  you  will  find  those  of  water 
the  largest.  Endeavour  to  pass  radiant  heat  through  it,  and  you  find 
it  resists  such  passage  with  the  greatest  stubbornness :  it  is  eminently 
athermanous.  But  compare  its  power  of  allowing  heat  of  contact  to 
pass  through,  and  you  find  it  to  be  by  far  the  best  liquid  heat  con- 
ductor. Examine  its  capacity  for  heat,  and  you  find  that  it  here 
exceeds  all  known  liquids,  with  one  exception,  and  that  exception  is 
a  mixture  containing  a  large  proportion  of  water.  Cast  light  on  it, 
and  it  bends  that  light  less  than  any  substance,  excepting  its  own 
offiipring,  ice.  Finally,  it  enjoys  that  rare  and  almost  unique  property 
of  haying  a  state  of  maximum  density  at  a  temperature  above  its 
freezing  point. 

On  all  these  grounds,  the  expression  of  the  old  Greek, 

dpujTov  fity  vScjpi 

seems  to  have  been  prophetic,  if  we  understand  opun-o?  in  its  simple 
sense  of  pre-eminence. 

I  propose  this  evening  to  consider  mainly  one  faculty  of  water, 
namely,  its  power  of  dissolving  that  innumerable  class  of  bodies 
called  salts,  which  may,  I  suppose,  without  much  danger  of  a  mis- 
understanding, be  considered  as  bodies  soluble  in  water,  and  which 
contain  metals.  I  wish  to  consider  the  relationship  between  the 
water  and  the  salt  it  has  dissolved,  and  I  desire  to  direct  especial 
attention  to  the  circumstances  under  which  water  becomes  solid  in 
presence  of  and  in  combination  with  other  bodies. 

Water  may  become  solid  in  a  variety  of  ways.  First,  by  itself, 
losing  heat,  it  becomes  ice  ;  secondly,  when  thrown  upon  quick  lime 
and  similar  bodies,  by  the  loss  of  heat  it  becomes  along  with  the 
lime  a  solid,  slaked  lime  ;  thirdly,  if  you  pour  water  upon  dried  alum 
and  similar  bodies,  and  let  the  solution  stand,  you  get  dry  crystals,  I 
dare  scarcely  say  containing  water,  but  from  which  water  can  be 
readily  got.  Again,  if  you  boil  glue  or  isinglass  with  water,  you  get 
a  more  or  less  solid  jeHj,  according  to  the  quantity  of  water  yon 
employ. 

These  various  ways  by  which  water  may  be  solidified  result  in 
the  more  or  less  complete  obliteration  of  its  character  as  water. 
Chemists  tell  us  that  in  the  slaking  of  lime  we  do  not  witness  the 
mere  juxtaposing  of  a  molecule  of  water  alongside  a  molecule  of  lime, 
but  rather  a  double  decomposition  whereby  the  molecules  of  each  con- 
stituent are  decomposed  and  one  or  two  new  molecules  are  formed ;  * 

♦  Not  CaO  +  HO  =  CaOHO,  but  Ca,0  +  HLO  =  2CaH0, 

((^  =  20,H=:l,0  =  8)  (Oi  =  20.  H  =  l,0  =  16) 

or    CaO  +  H.O  =  Ca2H0. 

(C3a  =  40,H  =  I.O=l«) 

T  2 
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ftnd  that  when  by  heat  the  water  from  slaked  lime  is  leooTered, 
reoomposition  of  quick  lime  and  of  water  ensues.  Far  less  violent 
is  the  action  when  burnt  alum  dissolves  in  water,  and  fiir  more 
readily  are  the  two  again  separated  :  while  from  the  ordinary 
"  washing  soda "  in  moderately  dry  air  the  water  gradually  escapes 
by  diffusion  into  the  air.  Tet  in  all  these  cases  the  water  is  held  by 
the  solid  with  some  strength.  Lastly,  when  glae  or  gum  dissolves  in 
water  there  appears  to  be  no  energy  expended  in  the  act  of  solution, 
they  mix  even  as  two  gases  mix. 

Strictly  speaking,  when  a  grain  of  salt  dissolves  in  a  gallon  of 
water  both  are  destroyed ;  the  salt  ceases  to  be  salt  and  the  water 
ceases  to  be  water :  the  two  fonn  a  salt  solution.  This  fiict  must 
never  be  forgotten,  but  its  strict  observance  would  land  us  here  in 
the  cumbersome  restriction  of  denying  the  name  of  water  to  the 
liquids  of  our  springs,  rivers,  and  seas. 

On  the  table  you  see  examples  of  the  various  kinds  of  solid 
water.  And  first  stands  ice.  In  this  room  it  is  unnecessary  for 
me  to  speak  especially  of  this  substance,  which  has  formed  for 
you  the  basis  of  so  many  an  eloquent  discourse.  Again,  there  is 
water  of  combination,  of  constitution,  of  gelatinization,  and  of 
crystallization. 

It  is  to  be  remarked,  and  is  indeed  for  our  present  purpose  most 
noteworthy,  that  whole  classes  of  salts  are  Imown  which  solidify 
with  water  of  crystallization,  while  others  of  no  noticeable  chemicfd 
difference  reject  water  as  they  build  themselves  together.  Nay, 
more,  that  salts  most  closely  aUied  to  one  another  in  their  chemical 
nature  combine  with  water  of  crystallization  in  very  different  pro- 
portions. What  is  there  peculiar  in  saltpeter,  in  lunar-caustic,  in 
sal-ammoniac,  that  they  idiould  hitherto  have  refused  to  associate 
themselves  as  solids  with  water ;  while  alum,  soda,  and  the  **  vitriols,*' 
white,  green,  and  blue,  combine  with  water  and  form  crystals  of  such 
beauty ;  to  me  of  such  extreme  interest  because  in  their  faces  and 
edges,  as  in  those  of  other  and  anhydrous  ciystals^  nature  for  once 
mi&es  use  of  planes  and  straight  lines  ? 

It  has  been  my  good  fortune  to  have  been  able,  to  some  extent,  to 
wipe  out  this  line  of  demarcation,  to  establish  continuity ;  to  prove,  in 
short,  that  all  salts  whatever,  which  are  soluble  in  water,  are  able  to 
combine  with  it  in  definite  weight-ratio  to  form  solid  crystalline 
bodies.  I  do  not  doubt  but  that  we  may  consider  the  number  of 
known  definite  compounds  to  have  been  thereby  at  least  doubled. 

The  formation  of  these  new  solid  water-compounds  may  perhaps 
be  best  approached  by  studying  the  phenomena  which  take  place 
when  any  sfdt  solution  is  cooled.  Let  us  consider  a  boiling  saturated 
solution  of  saltpeter.  Take  it  from  over  the  lamp,  and  let  it  cooL  A 
certain  quantity  of  the  salt  separates  out,  but  the  crystals  are  free 
from  water.  Oool  it  down  to  (f  0.,  more  anhydrous  saltpeter 
separates;  but  at  0°  0.  it  is  still  rich  in  saltpeter,  and  is,  of  course, 
saturated  at  that  temperature.    What  takes  place  if  we  go  on  cooling 
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below  (P  0.  ?  If  pore  anhydrous  saltpeter  were  to  go  on  separating 
out  until  it  were  all  ont,  tiiere  wonld  be  left  at  some  temperature 
below  0^  0.  pure  liquid  water — an  impossibility.  If,  on  the  other 
hand,  only  pure  ice  were  to  separate  out,  we  shoidd  ^et  at  last 
anhydrous  saltpeter  liquid  below  0°  0. :  this  is  equally  impossible. 
What  actually  does  occur  is  this — anhydrous  saltpeter  goes  on 
separating  out  until  the  solution  has  acquired  a  certain  degree  of 
weakness  (11*20  per  cent),  and  this  stage  is  reached  at  a  certain 
temperature  below  0^  0.  T—  2*6).  When  still  more  heat  is  with- 
drawn, the  temperature  retuses  to  sink  further,  and  the  remainder  of 
the  solution  begins  to  solidify,  and  continues  to  solidify  at  the  tem- 
perature and  with  the  composition  it  has  reached  tmtil  the  last  drop 
is  solidified. 

If,  again,  we  begin  with  a  very  dilute  solution  of  saltpe^r,  say 
one  containing  2  oz.  of  saltpeter  in  98  oz.  of  water,  it  is  well  known 
that  such  a  solution  requires  to  be  cooled  below  the  freezing  point  of 
water  before  solidification  begins;  and  the  differences  of  opinion 
which  have  prevailed  as  to  whether  pure  ice  or  ''impure"  ice  is 
separated  in  such  cases  arise  apparently  from  the  circumstance  that 
solutions  of  different  strength  have  been  examined.  From  our  solu- 
tion, pure  ice  is  separated  at  a  little  below  0^  0.  And  as  the  tem- 
perature falls,  more  and  more  ice  separates  out,  thus  enriching  the 
remaining  solution.  But  this  cannot  go  on  indefinitely,  for  if  it  did 
so  we  should  have  at  last  anhydrous  saltpeter  liquid  at  some  tempera- 
ture below  0^  0.  The  enrichment  goes  on  as  the  temperature  fcJlSy 
until  the  same  temperature  and  the  same  composition  are  reached  as 
were  reached  in  the  case  ci  the  impoverishment  of  the  saturated 
solution  by  the  withdrawal  of  tiie  saltpeter.  And  now  again  the 
temperature  ceases  to  Ml,  the  salt  solution  ceases  to  change  its  com- 
position, the  water  and  saltpeter  solidify  together  at  the  same  tem- 
perature and  in  the  same  ratio  as  they  did  ^ore,  until  the  last  drop 
is  solid. 

What  manner  of  body  is  this  which  is  thus  formed?  A  solid,  of 
crystalline  form,  consisting  of  water  and  saltpeter  in  fixed  ratio,  and 
of  constant  freezing  and  melting  points.  A  hydrate  obviously,  and 
because  it  can  only  exist  in  the  solid  form  below  the  freezing  point  of 
water,  we  may  call  it  a  cryohydrate. 

Thirty  or  forty  of  the  most  familiar  soluble  salts  have  been 
examined  in  a  similar  manner  and  with  similar  results.  Each  com- 
bine with  a  certain  proportion  of  water  at  a  certain  temperature 
below  zero  C.  The  proportions  are  different  with  different  salts,  and 
so  are  the  temperatures  of  solidification,  and  at  present  I  can  only  see 
indications  in  a  few  cases  of  generalizations  connecting  the  chemical 
compositions  with  the  temperatures. 

The  Table  A  and  Diagram  B  now  nearly  completely  explain 
themselves. 
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Table  A.— Shows  (1)  The  Chemical  PoionjLA  of  the  Salt  ;  (2)  The  Lowbot 
Temperature  to  be  got  by  mixing  the  Salt  with  Iob  ;  (3)  Temperature  of 
BoLioiFiCATioir  of  the  Crtohtdrate  ;  (i)  Molecular  Ratio  between  Anhy- 
drous Salt  and  Water  of  its  Gryohtdrate  (Water-worth);    (5)  Per- 

OEMTAGE  of  AnHTDROUS  SaLT  iu  CrTOHTDRATB. 


(0 
ForranUofSali. 


(2) 

Temperature  of 

Cryogen. 


Tnaperatore  of 

Solhllficaticn 
of  Cryohydrate. 


(*) 

MolecttUr 

Ratio 

or  Water-worth. 


AnhjdroasSalt 
in  Gryohydrate. 


OaOU        

NaBr 

NHJ 

Nal 

KI      

NaCl 

Sr01,+  6H,0  ..      .. 

NH/SO4 

NH,Br      

NH.NO, 

NaNO,      

NH.Cl       

KBr 

KCl 

K,0rO4      

BaCl,-H2H,0  ..     .. 

AgNO,      

8r,N0,      

MgS0,  +  7H,0      .. 
Zn80,-f.7H,0 

KNO,        

Na,CO,     

OuSO^  +  SHjO 
FeSO^  +  THjO 

K,S04       

K,Cr,0, 

Ba2N0, 

Na-SO.  -I-  lOHjO    .. 

KCIO,       

A1,NH,280.+12H,0 
HgCl,        


-33 

-28 
-27 
-2G-5 


22 

18 

17 

17 

17 

16 

16 

13 

10-5 

10-2 

7-2 

6 

6 

5 

5 

3 

2 

2 

1 

1 

1 

0 

0 

0 

0 

0 


-17-5 


-16-5 


-  6-5 

-  6 

-  5-3 


37 
-24 
.27-5 
-28 


17 

17 

17 

17-2 

17-5 

15 

13 

11- 

12 

8 

6-5 

6 

5 

7 

2-6 


-11-4 


2-2 
1-2 

1 

0-8 

0-7 

0-5 

0-2 

0-2 


n-8 

8-1 
6-4 
5-8 
8-5 
10-5 
22-9 
10-2 
111 
5-72 
813 
12-4 
13-94 
16-61 
18-8 
37-8 
10-09 
33-5 
23-8 
200 
44-6 
92-75 
43-7 
41-41 
114-2 
2920 
259-0 
165-6 
222-0 
261-4 
450-0 


I 


36-45 

41-33 

55-49 

59-45 

52  07 

23-60 

27-57 

41-70 

32  12 

43-71 

40*80 

19-27 

32- 15 

20  03 

36-27 

23-2 

48*38 

25-99 

21-86 

30-84 

11-20 

5-97 

16-89 

16-92 

7-80 

5-30 

5-30 

4-55 

2-93 

4-7 

3-24 


In  Diagram  B  are  shown,  as  well  as  the  cryohydrates  (wbicli  are 
the  points  of  reflexnre,  or  lowest  points  of  each  curve ),  the  tempera- 
tures at  which  varions  salts  of  various  strengths  (a  left-nand  branches) 
give  up  ice  and  (h  right-hand  branches)  give  up  salt. 

Let  me  only  remark  concerning  these  ratios  of  Table  A,  that  those 
bodies  at  the  bottom  of  the  list  are  nearly  pure  ice,  and  yet  by  the 
generalization  of  continuity  they  are  bodies  of  similar  composition  to 
fiiose  at  the  top  of  the  list  which  are  well  within  the  limits  of 
chemical  ratio.  One  is  tempted  to  look  upon  these  ratios  as  being 
brought  about  not  by  the  same  saturating  capacity  as  determines 
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elementary  union,  bat  by  a  kind  of  ciystallograpbie  zektionBhip, 
of  which  I  can  say  no  more  because  no  more  is  mown. 

Very  palpable  evidence  of  what  we  may  in  this  generation  call 
physical  relationship  as  distinguished  from  chemical  relationship,  is 
shown  in  the  composition  of  innumerable  minerals,  and  notably  in 
the  water  quantity  of  yarious  silicates,  the  composition  of  which  can 
only  be  reconciled  to  ordinary  chemical  ratio  by  the  greatest  licence 
in  arithmetical  manipulation.  I  say,  *'  in  this  generation,''  for  haply 
the  time  practically  predicted  by  BerthoUet  at  the  beginning  of  the 
century  cannot  be  remote  when  the  barrier  between  the  two  sciences 
will  yanish. 

Is  it  likely  that  so  numerous  and  interesting  a  class  of  bodies 
as  these  cryohydrates  should  be  mere  creatures  of  the  physical 
laboratory,  and  be  without  a  function  in  nature  ?  I  trow  not.  They 
affect  the  composition  of  polar  ice  as  follows. 

Although  sea  water  has  no  maximum  density,  and  therefore  ice 
can  be  formed  anywhere  in  its  mass,  ^et  it  loses  heat  mainly  from  the 
surface,  and  it  is  there  that  ice  is  chiefly  formed.  If  the  &11  of  tem- 
perature  be  gradual,  the  crystals  of  pure  water  which  solidify  are  for 
the  moment  surrounded  by  cold  sea  water  deprived  of  a  portion  of 
pure  water,  that  is  enriched  sea  water— a  stronger  brine.  This  sinks 
and  diffuses,  and  gives  place  to  fresher  sea,  which  in  its  turn  yields 
pure  ice.  By  gravity  and  osmose,  in  time,  the  pure  sea  is  renewed 
in  the  region  of  gelation,  and  pure  ice  results.  But  if  the  loss  of 
heat  be  sudden  and  considerable,  the  salts  of  the  sea  are  fixed  as 
cryohydrates  with  the  water,  and  so  perpetuated  in  $ttu  according  to 
the  temperature  at  which  their  cryohydrates  solidify.  And  I  sh^d 
expect  that  paleocrystic  ice  formed  from  the  freezing  sea  would 
contain  the  metals  sodium,  magnesium,  and  calcium  in  a  different 
relative  proportion  to  that  in  ip^ch  they  exist  in  the  sea  water.  Be 
this,  however,  as  it  may,  it  is  clear  to  me  that  no  theory  of  ocean 
circulation  can  be  complete  which  does  not  take  into  account  the 
formation  of  cryohydrates  in  the  polar  regions. 

These  compounds  of  salts  with  water  have  both  a  great  use  in 
many  a  familiar  operation,  and  a  great  significance  in  many  a 
familiar  phenomenon.  With  regard  to  their  use,  I  need  only 
mention  the  fact,  that  it  is  clear  that  by  their  means  we  can 
attain  to  and  maintain  with  absolute  constancy  many  definite  tem- 
peratures below  0^  C.  For  a  body  plunged  into  a  melting  or  solidi- 
fying  cryohydrate  will  be  maintained  at  a  temperature  as  constant  as 
that  of  melting  ice  or  freezing  water. 

With  regurd  to  their  si^^iificance,  they  give  us  a  complete  key 
to  the  hitherto  closely  concealed  raiumdle  of  freezing  mixtures  or 
cryogens  made  by  mixing  ice  or  snow  with  vanous  salts.  For  the 
degree  of  cold  which  can  be  reached  on  mixing  a  salt  with  ice 
can  never  exceed  in  lowness  the  temperature  at  which  the  oiyo- 
hydrate  solidifies,  because  the  consequent  solidification  of  the  ciyo- 
hydrate  would  furnish  heat.    Nay,  more.    Since  of  all  ratios  between 
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the  salt  and  ihe  water  that  of  the  cryohydrate  demands  the  lowest 
temperature  for  solidification,  the  liquid  portion  of  a  freezing  mixture 
can  neither  be  stronger  nor  weaker  than  the  crjohydrate,  it  is  the 
cryohydrato  and  the  slightest  farther  loss  of  heat  causes  solidifica- 
tion. Look  now  at  columns  (2)  and  (3)  of  Table  A,  and  you  see 
how  closely  parallel,  how,  indeeo,  within  the  limits  of  experimental 
error,  identicMd  are  the  two  series  of  numbers. 

By  cooling  a  thick  slab  of  glass  in  a  freezing  mixture,  and 
dropping  upon  it  various  salt  solutions,  I  show  you  now  a  few  cryo- 
hydrates  in  the  act  of  solidification. 

I  may  mention  that  not  only  metallic  salts,  but  crystalline  solids, 
of  organic  and  inorganic  origin  form  similar  cryohydiates.  Amongst 
the  most  interesting  of  these  are  the  cryohydrates  of  alcohol  and 
ether.  The  latter  contains  a  large  proportion  of  water,  and  ito  tem- 
perature of  solidification  is  so  little  below  zero  0.  that  I  can  show  it 
you.  Solidified  in  a  test  tube,  and  removed  therefrom,  it  forms  a 
white  crystalline  rod,  like  a  candle.  The  ether  bums  away  when  a 
light  is  applied  to  one  end,  and,  by  its  non-luminosity,  clearly  illus- 
trates the  generalization  of  Dr.  Frankland,  that^  other  things  being 
the  same,  a  cold  combustible  bums  with  less  luminosity  than  a 
hot  one. 

Let  me  here  turn  for  a  moment  to  the  comparison  between  the 
effects  of  heat  and  cold  upon  salt  solutions,  and  notice  how  closely 
parallel  are  the  two  series  of  phenomena. 

(Compare  the  decomposition  of  a  salt  solution  by  the  loss  of 
heat  with  the  decomposition  by  gain  of  heat  when  such  a  solution 
boils.  And  in  instituting  this  comparison,  we  must  bear  in  mind 
how  much  more  sensitive  to  variation  in  pressure  is  the  boiling  than 
the  solidifying  point 

And  before  quitting  this  part  of  the  subject,  I  may  call^  to  mind 


hydzate 


1)  A  solution  poorer  than  the  cryo-  (1)  A  solution  poorer  than  that  aatn- 

loses  heat ;  ice  is  formed.  rated  at  a  given  temperature  receives 

beat ;  vapour  is  formed. 

(2)  This  goes  on  until  the  proportion  (2)  This  goes  on  until  saturation  is 

of  the  cryohydrate  ia  reached,  the  tern-  reached,  the  temperature  rising, 
perature  Calling. 

(8)  The  cryohydrate  may  be  reached  (8)  Saturation  may  be  reached  by 

by  freezing  out  ice  from  a  weaker  eolu-  evaporation,  boiling,  or  any  other  with- 

tion,  or  by  any  other  withdrawal  of  drawal  of  water, 
water. 

(4)  When  ice  separatee  ^m  a  liquid,  (4)  Vapour  separated  from  a  liquid 
it  remains  in  contact  with  the  liquid,  is  removed  from  the  field  of  contention, 
and  endeavours  to  redissolve  therein.  unless  the  liquid  be  enclosed  with  the 

vapour. 

(5)  When  by  the  sepiyation  of  ice  (5)  When  by  the  separation  of  vapour 
the  proportion  of  the  cryohydrate  is  the  proportion  of  saturation  is  reached 
reached  (nearly  independent  of  pres-  (very  dependent  upon  pressure),  vapour 
sureX  ice  and  the  salt  separate  smiul-  and  the  salt  separate  sunultaneously. 
taneously. 
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(6)  The  two  bodies  (ioe  and  the  salt)  (6)  One  being  a  solid  and  the  other 

being  ciTstallizable  soudfl,  unite  to  form  a  yapoor,  they  do  not  unite,  but  in 

a  crystallizable  oryohydiate  which  ex-  their   sepaiBtion   preaerve  a  constant 

hibits  a  constant  graTimetrio  compoei-  gravimetric  ratio  under  like  conditionB 

tion.  of  pressure. 

(7^  A  cryohydnite  in  the  act  of  solidi-  (7)  A  saturated  solution,  when  boil- 

fioation  shows  identity  of  composition  ing,  shows  the  same  rutio  between  the 

between  the  solid  and  liquid  portions,  vapour  formed  and  the  salt  i 


The  temperature  of  solidification  is  as  exists  between  the  liouid  water  pro- 
constant  sent  and  the  salt  it  holds  in  solution. 

The  temperature  of  boiling  is  (under 
like  pressure)  constant 

the  &ot  that  we  find  amongst  the  phenomena  of  igneous  fasion  facts 
perfectly  analogous  with  those  which  we  haye  been  studying.  Thus, 
in  Pattinson's  process  for  the  desilverizing  of  lead,  the  mass  contain- 
ing a  small  percentage  of  silver  is  melted  and  gradnidly  cooled,  lead 
(ice)  separates  oat  in  almost  perfect  purity,  the  temperature  sinks, 
and  more  and  more  lead  is  separated,  until,  as  Dr.  Percy  informs  me, 
a  two  and  a  quarter  per  cent  of  silver  lead  alloy,  a  pyro-plumbide 
(a  cryohydrate),  is  reached. 

Lastly,  let  us  reflect  upon  the  solidification  of  water  in  jellies,  and 
its  attitude  towards  colloid  bodies. 

My  illustrious  teacher  Oraham,  in  a  series  of  researches  which 
have  perhaps  never  been  surpassed  for  philosophical  insight,  showed 
how  all  matter  is  divisible  into  two  great  classes,  crystalloid  and 
colloid.  He  proved  that  a  crystalloid  body  penetrates  through  a 
colloid  without  essential  obstruction.  The  colloid  and  crystalloid 
have  no  grip  on  one  another.  And  quite  in  accordance  with  Graham's 
views  I  find  that,  although  gum-arabic  is  &r  more  soluble  in  water 
than  table  salt,  we  totally  fail  to  make  a  freezing  mixture  with  gum 
and  ice  or  snow.  And  inversely,  when  a  strong  solution  of  gum  or 
glue  is  cooled,  the  temperature  cannot  be  brought  below  0^  0.  until 
the  whole  of  the  water  has  been  separated  as  ice.  This  bebg  so,  we 
ought  also  to  find  that  the  presence  of  gum  or  glue  in  water  does  not 
raise  its  boiling  point,  as  do  the  presence  of  crystalline  salts.  Experi- 
ment shows  us  that  the  boiling  point  of  water  is  really  and  consider- 
ably lowered,  so  that  if,  for  instance,  I  remove  the  atmospheric 
pressure  from  two  vessels  slightly  warmed,  the  one  containing 
60  per  cent  of  gam  and  the  other  pure  water,  the  gum  solution  is 
the  first  to  boil. 

In  the  series  of  barometer  tubes  on  the  table,  whose  images  I 
throw  on  the  screen,  you  have  (1)  an  ordinary  barometer,  (2)  a  similar 
barometer  with  a  crystal  of  alum  in  the  vacuum,  (3)  with  a  saturated 
solution  of  rock  salt,  (4)  with  water,  (6)  with  a  morsel  of  size,  and 
(6)  with  a  50  per  cent,  solution  of  gum-arabifi.  It  is  observed  that 
the  depression  of  the  mercury,  which  of  course  measures  the  vapour 
tension,  is  in  the  order  mentioned.  The  solid  water  of  crystallization 
leaves  the  alum,  but  is  partly  restrained  by  the  affinity  of  the  residue. 
The  saturated  salt  solution  again,  but  more  feebly,  restrains  the 
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water,  while  the  gum  and  size  do  not  restrain  the  Yaponr  tension  of 
the  water  at  all ;  they  have  no  grip  on  the  water. 

Even  through  the  colloid  caoatchoae,  of  which  the  toy  air-halls 
are  made,  water  penetrates  with  marvellous  facility.  The  one  on  the 
tahle,  which  weighs  now  ahont  700  grams,  weighed  750  grams  only  a 
few  weeks  ago.  It  has  heen  losing  0  *  06  grams  per  hour  with  remark- 
able regolarity.  And  I  suppose,  if  we  oonld  see  the  straotnre  of  a 
jelly,  we  shonld  find  it  to  consist  of  a  network  of  solid  fibres  hamper- 
ing the  motion  of  the  crystalloid  liquid  among  them ;  or  of  cells  of 
solid  elastic  matter,  containing  liquid  such  as  £e  mass  of  cells  on  the 
table. 

The  hour  is  up,  and  I  must  end.  My  task  will  not  have  been 
essayed  in  vain  if  I  have  brought  forward  evidence  that,  in  the  philo- 
sophy of  the  simplest  things,  yet  much  remains  to  be  disclosed.  Far 
from  me  the  thought  of  undervaluing  the  labours  of  those  who  fix>m 
time  to  time  enrich  science  with  hundreds  of  new  substances  of  com- 
plex composition.  On  the  contrary,  I  admire,  I  am  grateful  to  them 
for  their  successful  efforts;  for  I  am  thoroughly  assured  that  it  is 
by  the  comparison  of  terms  of  series,  which  terms  stand  apart  from 
one  another  by  almost  imperceptible  differentials,  that  the  great 
integral  curves  of  natural  generalizations  can  be  traced  out  And 
yet  I  say,  and  earnestly  maintain,  that  in  the  philosophy  of  the  most 
fiuniliar  properties  of  the  most  familiar  things,  there  are,  as  it  were, 
lying  at  our  very  doors,  vast  and  unexplored  regions ;  meads  brightly 
blooming  with  tiie  unplucked  flowers,  and  orchards  mellow  with  the 
ungamered  fruits  of  natural  truth. 

[F.G.] 


WEEKLY  EVENING  MEETING, 

Friday,  February  28, 1877. 

Sib  W.  Fbedkbiok  Pollock,  Bart  M.A.  Vice-President, 
in  the  Chair. 

John  Flbtohkb  Movlton,  Esq. 

Matter  and  Ether, 

[Abstract  Deferred.] 
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WEEKLY  EVENING  MEETING, 

Friday,  March  2, 1877. 

Joseph  Daltok  Hookbb,  C.6.  M J)«  D.O.L.  Pre6.RI.  Yioe-President, 

in  the  Chair. 

Pbofbbbob  Huxlxt,  LL.D.  SecRS. 

The  Natural  History  of  Birda. 

[AbBtnot  Deferred.] 


GENERAL  MONTHLY  MEETING, 

Monday,  March  5, 1877. 

Gbobgi  Busk,  Esq.  F.R.S.  Treasnrer  and  Yice-PteBidonft, 
in  the  Chair. 

John  Laidlaj  Bashford,  Esq. 
Miss  Anna  Frances  Busk, 
James  Farmer,  Esq. 
John  Harris,  Esq. 
Bey.  Francis  Eraser  Hird, 
James  Knowles,  Esq. 
John  Fletcher  Monlton,  Esq. 
Capt.  Hogh  Gilliat  Oldham, 
Francis  Richard  Philp,  M.D. 
Carl  H.  Siemens,  Esq. 
Mrs,  C.  F.  Stovin, 
William  George  Stuart,  Esq. 
Angnstos  Weiss,  Esq. 
George  F.  White,  Esq. 

were  elected  Memhers  of  the  Royal  Institution. 

The  Pbksknts  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  yiz. : — 

FROM 

Anatio  BocMty  of  Bengrol— Jouraal,  1876,  Part  I.  Ko.  1.    Part  IL  No.  3.    8va 

FrooeedingB,  1876.    No.  8.    8vo. 
Blaekity  W.  O,  Em,  {Secrdary  of  Local  Committee^  Brituh  AnooiaUoiL  Glatgowy- 
Western  Boottuh  FoesUs,  Oatalogae.    16to.    1876. 

West  of  Bootland  Fauna  and  Flora.    16to.    1876. 

West  of  Scotland  Principal  Manufactures.    16to.    1876. 
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BrUith  AmhOeeUj  Royal  InMuie  o/— Seasional  Papers,  1876-7.    Koe.  5,  6.    4to. 
Chemical  8ocietff--JaQni9,l  for  Feb.  1877.    8to. 
Chrialiania  UniversUy — Memoirs,  &c.    4to  and  8?o.    1876. 
Ciffil  Engineenf  Jfutttattoii— Minntee  of  Prooeedings,  YoL  XLYIL    8to.    1877. 
EdUon — American  Joamal  of  Science  for  Feb.  1877.    8?o. 
Athenaeum  for  Feb.  1877.    4to. 
Chemical  News  for  Feb.  1877.    4to. 
Engineer  for  Feb.  1877.    foL 
Horological  Journal  for  Feb.  1877.    8to. 
Journal  f(»r  Applied  Science  for  Feb.  1877.    fol. 
Nature  for  Feb.  1877.    4to. 
Nautical  Magazine  for  Feb.  1877.    8vo. 
Pharmaceutic  Journal  for  Feb.  1877.    8yo. 
Telegraphic  Journal  for  Feb.  1877.    8vo. 
JFVtiiiJScisn /iu<atito--Jouma1,  No.  614.    8to.    1877. 

0«i^  &>et^  eta  PAvn^ii^—M^moires,  Tome  XXIV.    Partie  2.    4ta    1875-6. 
Geologieal  IndUule,  fmpwialj  Fimna— Jahrbuch,  1876.    No.  8.    8to.    1876. 

Verhandlungen,  1876.    Nos.  11, 18.    8?o.    1876. 
GMooioaZ  i8bci0<y--Quarterlj  Journal,  No.  129.    8to.    1876. 
New  South  WalM  OooemmeiU^Gi.  H.  Beid :  Essay  on  New  South  Wales.    8yo. 

Sydney,  1876. 
PJbo<(Mra|)£ie  £bci0<y-^ournal,  New  Series,  Noa.  8,  4,  5.    8vo.    1876. 
JBoyal  Society  of  Irondoii^Prooeedings,  No.  177.    8yo.    1876. 
BL  Pelenburg,  AcadSmie  de$  iScMiiee*— BuUetins,  Tome  XXIII.  No.  1.  4to.  1876. 
8§fmon$,  O,  J,  Eaq,  (fhe  ulueftor)— Symons*  Monthly  Meteorological  Magazine, 

Feb.  1877.    8yo. 
Twining,  Thamae,  A9.  ir.£  J.— PubUo  Libraries  in  the  United  States.    2  Parts. 

8vo.    1876. 
Univenity  of  London  Senais — Oatalogue  of  the  Library.    8to.    1876. 
FatMB,  W.  S,  W.  Eta.  MA,  F.RM.  M.R.L  (the  iliKfcor)— Persia :  from  the  Earliest 

Period  to  the  Arab  Conquest.    16to. 
Ft£elor<a  JfM(ttet»-^ounial,  No.  40.    8ya    1876. 
2MogM9(Ui8bd«^— TzanaaGtion8,yoLULPartlO.    4ta    1876. 
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WEEKLY  EVENING  MEETING, 

Friday,  March  9, 1877. 

AoMiBAL  8iB  Hknbt  John  Codrinoton,  KO.B.  Manager, 

in  the  Chair. 

F.  J.  Bbamwxll,  Esq.  M.  Inst  0.K  JILB.I. 

PACT  PBXBIDIBT  OTCT.  MICIIAinOAL  BTOXVCSaS. 

The  Futwre  of  Steel. 

With  a  few  exoeptionB,  constmction  (whether  of  building,  of  bridges, 
or  of  ships)  was,  not  so  very  long  ago,  carried  ont  by  the  employment 
of  stone,  of  brick,  or  of  timber.  Metals  played  bnt  an  insignificant 
part  in  any  kind  of  construction.  Lead  probably  was  the  most  used 
of  all,  being  employed  in  roofing.  If  sheathing  may  be  taken  as  part 
of  the  structure  of  a  ship,  then  it  would  seem  that  lead  was  thus 
structurally  employed,  occasionally  at  all  events,  as  far  back  as  the 
reign  of  Trajan;  while  the  metal  copper,  now  so  largely  used  as 
sheathing  to  wooden  ships,  was  first  applied  in  the  Boyal  Navy  in 
1758,  in  the  *  Alarm'  Mgate,  and  had  be^  adopted  for  ships  of  every 
class  in  that  navy  by  tiie  year  1788.  But  the  metal  "iron,"  with 
which  and  with  its  offspring,  steel,  we  are  to-night  concerned,  was 
practically  not  used  as  a  portion  of  the  structure,  either  of  houses,  of 
bridges,  or  of  ships,  except,  indeed,  in  the  way  of  fastenings,  bolts 
and  nuts,  screws  and  nails,  to  unite  other  materials  together.  Gradn- 
aUy,  however,  cast  iron  began  to  enter  into  structures.  As  fiir  back 
as  the  year  1779  the  celebrated  bridge  at  Coalbrook  Dale  was  built, 
not  long  after  followed  by  the  Sunderland  bridge,  and  early  in  the 
present  century  by  several  others,  including,  in  1819,  that  magnificent 
structure  Soutiiwark  Bridge,  the  work  of  the  elder  Bonnie,  which 
bridge  still  adorns  the  metropolis.  Cast  iron  also  was  used  in 
buildings  to  replace  stone  columns  and  wooden  story-posts  for 
direct  pressure,  and  also  as  a  substitute  for  wood  in  beams.  In 
Burwa^  church,  and  in  other  churches  in  Sussex,  may  still  be  seen 
cast-iron  tombs,  dated  as  long  back  as  the  fourteentii  century. 

Wrought  iron  took  its  first  important  place  as  a  structural  material 
in  the  buUding  of  vessels.  In  1787  an  iron  canal-boat  was  made  in 
Staffordshire ;  and,  indeed,  the  first  iron  steamboat,  the  *  Aaron  Manby,* 
was  produced  in  1821  in  that  most  inland  of  inland  places,  the 
Horseley  Works. 

By  the  year  1830,  however,  iron  ship-building  had  gone  to  its 
appropriate  home,  that  of  a  large  port ;  for  by  that  date  Mr.  Laird's 
works  at  Birkenhead,  which  were  founded  in  1824,  were  in  full  opera- 
tion, and  the  first  iron  vessel  had  been  built  there,  followed  shortly  by 
iron  steam-vessels,  the  precursor  of  the  large  fleet  which  owes  its 
origin  to  these  justly  celebrated  works.    Fnwa  the  small  begimungs 
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in  Staffordfibire  and  at  Birkenhead  sprang  thai  wonderful  wrought- 
iron  navy  now  to  be  found  on  eyery  sea,  a  navy  which,  whatever  may 
be  the  ownership  of  the  vessels,  has  in  most  cases  Great  Britain  for 
its  birthplace. 

But  while  both  cast  and  wrought  iron  were  being  thus  extensively 
used,  steel  was  not  employed  as  a  structural  material  at  all.  Steel  was 
a  luxury ;  it  was  made  in  small  portions,  it  was  sold  at  high  prices, 
as  much  as  a  shilling  or  eighteenpence  per  pound,  or  even  more;  and 
it  was  employed,  as  we  know,  for  swords,  cutlery,  surgical  instru* 
ments,  watch-springs,  mechanics'  tools,  needles,  and  other  purposes 
such  as  these,  where  the  quantity  used  was  but  trifling,  and  where 
the  importance  of  superior  material  was  such  as  to  justify  the  large 
expenditure  incurred.  It  was  felt  in  tiiese  days,  as,  indeed,  it  had 
been  for  ages  past,  that  steel  was  worth  paying  for  because  it  was  to 
be  trusted ;  indeed  its  trustworthiness  had  passed  into  a  proverb,  ^  As 
true  as  steeL" 

Iron  we  nowadays  use  in  three  great  divisions,  cast  iVon,  wrought 
ffoft,  and  9Uel,  Oast  iron  is,  again,  divisible  into  ordinary  cast-iron, 
chilled  cast-iron,  and  malleable  cast-iron.  Wrought  iron  is  also  divi- 
sible into  ordinary  wrought-iron  and  case-hardened  wrought-iron. 
Steel,  so  fur  as  I  know,  is  not  thus  divisible ;  but  it  may  be  of  very 
varied  composition,  producing  qualities  ranging  from  those  whid^ 
possess  great  flexibility,  eyen  when  quenched  in  cold  water,  to  those 
which  eidiibit  intense  brittleness  when  so  treated. 

Coat  tfofi,  or  pig  iron  is,  as  you  know,  produced  by  putting  iron  ore 
with  coke  or  raw  coal  and  suitable  fluxes  into  a  blast  furnace,  a 
structure  which  has  now,  in  the  Olereland  district,  reached  to  100  feet 
in  height  by  as  much  as  80  feet  in  diameter,  having  a  capacity  of  over 
40,000  cubic  feet.  Up  through  this  enormous  pile  of  materials  a 
powerful  blowing  engine  sends  air  heated,  in  the  most  approved 
fomaoes,  to  as  much  as  1260^.  The  ore,  as  it  descends  through  the 
furnace,  is  first  deoxidized ;  and  then  the  sponge  of  iron  so  produced 
is  impregnated  with  such  a  dose  of  carbon  as  to  render  the  iron  fusible, 
BO  that  it  trickles  down  into  the  hearth  of  the  furnace,  from  which,  at 
intervala  varying  in  different  districts  from  four  to  as  much  as  twelve 
hours,  it  is  tapped  out  into  the  pig  bed,  the  earthy  matter  of  the 
ore,  of  the  fuel,  and  of  the  flux  flowing  away  as  a  coarse  glass  or 
cinder.  In  these  days,  in  the  best  furnaces  the  unoonsumed  carbonic 
oxide  is  no  longer  allowed  to  blaze  away  from  the  top  of  the  furnace, 
but  is  conveyed  therefrom  by  suitable  pipes,  and  is  employed  to  heat 
the  blast,  and  to  generate  steam  for  the  blast  engine.  According  to 
the  proportion  of  fuel  employed,  and  to  the  treatment,  so  will  the 
issuing  pig  iron  be  more  or  lees  charged  with  carbon. 

Pig  iron  is  in  common  distingui^ed  by  numbers.  I  have  on  the 
table  before  me,  due  to  the  courtesy  of  the  authorities  at  the  War 
Office,  two  sets  of  samples  of  pig  iron  ranging  from  Nos.  1  to  8,  No.  1 
being  the  iron  which  will  the  most  readily  melt,  and  will  become  tiie 
most  fluid,  and  make  the  sharpest  but  weakest  castiDgs,  while  the 
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higher  nnmbers  aro  neyer  used  for  ordinary  foundry  purposes,  bnt  are 
taken  as  proper  irons  to  be  converted  into  wronght  iron.  Anybody 
who  examines  these  specimens  closely  will  see  quite  clearly  in  the  No.  1 
iron  the  flakes  of  graphite  separated  out,  and  lying  between  the  crystals 
of  the  cast  iron.  These  flakes  become  less  and  less  obyions  as  the  nnm- 
bers get  higher  and  higher,  until  with  the  No.  5  pig  the  graphite  ceases 
to  be  easily  visible,  the  whole  of  the  carbon  appearing  to  be  combined. 

Leaving  impurities  out  of  consideration,  pig  iron  or  cast  iron  is 
the  element  iron  accompanied  with  a  very  large  proportion  of  carbon. 
In  the  case  of  No.  1  as  much  as  ^taking  the  total  of  combined  and  un- 
combined  carbon  together)  from  4  to  4j^,  or  even  more,  per  cent.,  wlule 
in  the  case  ofNo.  8  the  carbon  is  only  probably  from  2  to  2]^  per  cent.; 
and  although  no  portion  of  this  is  visible  as  graphite,  tiie  carbon,  evea 
here,  is  only  partially  combined  with  the  iron ;  complete  combination 
with  the  carbon  must  be  looked  for  when  the  cast  iron  is  in  another 
condition,  "chilled,"  such  as  is  one  end  of  the  sample  I  have  here. 
You  will  see  that  one  end  of  this  bar  has  been  chilled,  and  that  the 
other  is  not  chilled.  The  chilling  has  been  effected  by  pouring  the 
fluid  cast-iron  into  a  mould,  one  portion  of  which  was  made  of  metal 
which  conducted  the  heat  away  rapidly,  and  thus  caused  the  iron  to  set 
quickly  and  to  chill ;  while  the  other  end  of  the  mould  was  made  of 
sand,  and  there  the  metal  cooled  slowly,  and  did  not  chill.  You  will 
also  observe  that  the  chilling,  as  it  is  called,  has  penetrated  about  one> 
eighth  of  an  inch ;  and  on  trying  it  with  the  finest  file,  you  will  find  it 
impossible  to  cut  it,  while  the  other  end  of  the  bar  may  be  filed  with 
ease.  The  hardness  is  due,  I  believe,  to  the  iron  being  chilled  by  &e 
metal  mould,  and  being  thus  set  into  a  solid  before  the  carbon  has  had 
time  to  separate  out  of  it,  in  the  form  of  graphite,  by  liquation.  As  a 
striking  instance  of  chilling,  I  would  call  your  attention  to  a  split- 
open  ckUled  Palliser  shell  now  on  the  tabla 

I  have  here  a  sample  bar  of  maUedble  aui^ron.  This  bar  has  been 
made  malleable  at  one  end,  bnt  has  been  left  in  the  ordinary  state  of 
cast  iron  at  the  other.  The  endowment  with  the  malleable  property 
has  been  due  to  the  continued  heating  of  the  bar  when  placed  in  a 
dose  vessel,  and  surrounded  by  iron  ore.  The  oxygen  of  the  ore  has 
partially  decarbonized  the  metal,  and  has  thereby  caused  it  to  approach 
to  the  condition  of  wrought  iron,  rendering  it,  as  you  will  see,  nuidleable. 
I  have  here  a  sample  bfur  of  nuJleable  iron,  which  has  been  forged. 

Wrought  iron  is  nowadays  made  by  taking  pig  iron  and  putting  it 
into  the  hearth  or  bath  of  a  puddling  furnace,  where  it  is  melted,  and 
then  is  stined  about,  commonly  by  tools  called  "  rabbles  "  worked  by 
hand,  but  occasionaUy  lately  by  "rabbles"  worked  by  mechanism;  or, 
as  the  latest  improvement,  it  is  agitated  in  a  furnace  of  a  special  con- 
struction, where  the  body  part  is  put  into  revolution  like  a  bairel- 
chum.  In  whatever  way  the  agitation  may  be  effected,  the  object  is 
to  cause  the  oxygen  of  ike  material  (iron  ore  or  other  oxide  of  iron) 
with  which  tiie  fomace  is  lined  (the  "  fettling,"  to  use  the  technical 
term)  to  unite  with  the  carbon  of  the  pig,  and  form  carbonic  oxide, 
whicn,  rising  to  the  surface,  keeps  the  whole  bath  of  metal  in  a  state 


Digitized  by  VjOOQIC 


1877.J  on  the  Future  of  Steel    .  317 

of  yiolent  ebullition  or  ^  boil,"  as  it  is  called,  the  gas  igniting  on  the 
surface  and  producing  a  multitude  of  lively  blue  flames.  The  sub- 
merging by  the  ''rabble"  of  any  oxidized  portions  of  the  surface, 
assuming  that  there  may  be  at  times  free  air  in  the  furnace,  also 
perhaps  aids  in  the  decarbonizing  process.  This  process  goes  on 
until,  practically,  the  whole  of  the  carbon  is  driyen  off,  about  one  and 
a  half  tenths  to  two-tenths  of  1  per  cent,  only  remaining;  and  then  the 
iron  becomes  pasty,  it  being  no  longer  possible  for  it,  when  deprived 
of  the  carbon,  to  remain  fluid  in  £e  heat  of  an  ordinary  puddling 
furnace,  and  the  workman  is  enabled  to  gather  it  up  into  balls,  making 
probably  four  or  fiye  balls  out  of  a  4  cwt.  charge.  For  the  purposes 
of  this  evening  it  would  suffice  to  speak  of  cast  iron  as  though  it  con- 
tained no  foreign  ingredient  but  carbon ;  but  I  need  hardly  say  that 
this  is  not  so,  and  that  in  practice  the  presence  in  the  puddling  furnace 
of  silicon,  phosphorus,  sulphur,  and  occasionally  other  matters,  has 
to  be  considered;  and  I  will  venture  to  occupy  a  few  minutes  by  asking 
your  attention  to  diagrams  representing  the  nature  and  the  extent  of 
the  impurities  which  in  practice  haye  to  be  dealt  with  in  the  puddling 
processes. 

As  I  shall  have  occasion  to  remark  later  on,  when  speaking  of  the 
due  appreciation  of  such  expressions  as  0*001  or  one-tenth  of  1  per 
cent,  I  have  a  great  belief  in  the  value  of  models  or  diagrams  that  the 
eye  can  readily  appreciate.  Such  contrivances  I  find  to  be  great  aids 
to  ready  oomprehensi(m  and  also  to  steadfast  retention  of  facts  and  of 
proportions.  Mr.  Head,  of  Middlesborough,  who  has  done  so  much  to 
apply  science  to  the  industry  of  iron,  has  kmdly  lent  me  the  diagrams 
with  which  he  illustrated,  last  year  at  the  Mechanical  Engineers' 
Institution,  his  observations  upon  that  which  takes  place  in  the  act  of 
puddling. 

You  will  see  that  the  tail  diagram  to  which  I  am  now  pointing 
indicates  by  its  height,  100  parts,  by  weight,  of  the  charge  from  the 
introduction  of  the  solid  pig-iron  into  the  puddling  furnace  down  to  the 
puddled  bar  itself,  after  it  has  been  hammered  and  rolled.  The  width 
of  the  diagram  represents  time  from  lOh.  23m.,  when  the  pig  iron  was 
put  in,  to  12h.  42m.,  when  the  puddling  was  finished ;  2  hours  and  19 
minutes.  The  element  iron  is  represented  by  the  blue  tint,  while  the 
carbon,  silicon,  phosphorus,  manganese,  and  sulphur  are  shown  by 
various  colours.  A  near  inspection  of  the  diagram  will  enable  you  to 
ascertain  not  only  how  these  matters  diminish  in  puddling,  but  the 
rate  and  the  order  of  their  diminution.  The  fellow  large  diagram 
represents  the  changes  of  the  fluid  cinder  in  the  furnace  taken  at 
various  times ;  and  you  will  see  that  while  the  impurities  have  been 
leaving  the  iron,  they  have  been  entering  to  a  large  extent  into  the 
cinder.  The  cinder  being  composed  of  oxides,  each  of  the  colom's  in- 
dicating the  oxide  of  iron  and  the  other  oxide  constituents  has  been 
made  of  a  dark  shade  and  of  a  light  shade,  the  dark  representing  the 
base,  and  the  light  shade  the  accompanying  oxygen.  Besides  the  two 
principal  figures,  there  are  drawings  to  a  large  scale  of  the  impurities 
both  in  their  contorted  form,  due  to  their  being  drawn  as  superposed, 
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and  also  as  each  constituent  would  appear  when  laid  off  on  a  leyel 
datnm-line. 

Just  one  caution  in  respect  to  these  diagrams.  They  do  not  repre- 
sent the  yariation  in  the  total  quantity  of  charge  and  of  cinder  (as 
time  goes  on,  this  it  is  almost  impossible  to  exhibit),  but  they  repre- 
sent Uiis,  that  if  at  the  respective  times  100  parts  be  taken  from  the 
charge,  they  will  be  found  to  contain  the  percentages  stated.  If  this 
be  not  borne  in  mind,  it  will  be  difficult  to  understand  why  it  is  that 
there  appears  to  be,  during  the  first  hour  and  more,  an  increase  of 
carbon.  This  is  not  an  actual  increase,  but  a  relative  increase,  due  to 
the  decrease  of  other  matter.  I  think  you  will  concur  with  me  in 
thanking  Mr.  Head  for  this  excellent  mode  of  graphically  exhibiting 
the  changes  and  the  sequence  of  the  changes  which  take  phice  in  the 
act  of  puddling. 

To  revert  to  that  which  I  was  saying  about  puddling.  During 
the  balling  process  a  very  considerable  waste  of  ihe  iron  ensues  by 
oxidation ;  the  spongy  mass  is  permeated  by  cinder,  oxide  of  iron,  and 
earthy  matter,  and  in  this  condition  it  is  put  imder  a  hammer  called  a 
shingling  hammer,  where,  by  dexterous  manipulation,  it  is  sought  to 
drive  out  the  cinder  from  the  mass,  and  to  weld  together  the  particles 
of  wrought  iron  into  a  bloom.  This  bloom,  commonly  at  the  same 
heat,  but  sometimes  after  being  reheated,  is  passed  through  rollers, 
and  is  then  known  as  puddle  bar.  These  bars  are  cut  up,  are  piled 
into  piles  of  the  size  desired  for  the  intended  production,  are  reheated 
to  a  welding  heat,  and  are  then  either  hammered  and  subsequently 
passed  through  rolls,  or  else  are  passed  through  rolls  direct,  making 
No.  2  iron,  the  ordinary  iron  of  commerce.  Occasionally,  for  special 
purposes,  the  piling  and  reheating  and  rolling  are  repeated.  The 
material  produced,  when  uncontaminated  with  phosphorus  or  sulphur  or 
silicon,  is  the  iron  which,  as  I  have  said,  has  about  one  and  a  half  tenths 
to  two-tenths  of  1  per  cent,  of  carbon  remaining  in  it,  and  it  is  this 
material  that  for  so  many  years  past  we  have  trusted  to  form  the 
hulls  of  our  ships,  to  form  the  shells  of  our  boilers,  to  bear  their 
140  lb.  pressure  per  square  inch,  as  they  do  on  every  railway,  to  form 
our  81-t<»i  and  100-ton  guns,  to  form  the  rails  of  our  railways,  and  to 
fcMrm  bridges  and  viaducts,  and,  in  fact,  to  be  applied  to  those  purposes 
where  toughness,  ductility,  flexibility,  conductivity,  cheapness,  and 
trustworthiness  were  the  desiderata.  Wrought  iron  has  the  great 
advantage  that  it  can  be  worked  at  almost  any  temperature  between 
that  of  the  atmosphere  (in  the  best  kinds  of  iron)  and  that  of  a  high 
welding  heat  It  is  a  very  fair  conductor  of  heat  where  it  is  necessary 
to  tranonit  heat,  as  through  the  sides  of  boilers,  and  it  possesses  that 
excellent  property  of  union  by  welding.  But  the  best  of  welds,  or  all 
but  the  very  best  of  welds,  are  treacherous ;  the  manufacturer  never 
can  be  sure  that  in  the  interior  of  the  weld  some  foreign  substance, 
oxide  of  iron  or  sulphide  of  iron,  is  not  interposed  between  the  two 
surfaces,  and  thus  he  never  knows  whether  the  weld  which  looks  so 
sound  upon  the  outside  is  really  sound  throughout.  To  show  you 
how  difficult  it  is  to  ensure  souncbess  in  welding,  I  have  on  the  table 
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before  me  a  sample  of  a  wronght-iron  rail,  which,  I  doubt  not,  when  it 
came  out  of  the  rolling  mill,  appeared  to  be  perfectly  sound  metal, 
metal  of  nniform  stmcture  from  side  to  side.  Bat  what  is  it  now  tliat 
it  has  been  subjected  to  the  action  of  engine  and  carriage  wheels  ?  a 
bundle  of  fibres,  a  mere  faggot.  These  severances  have  not  taken 
place  through  the  solid  metal;  they  have  taken  place  through  what  were 
supposed  to  be  sound  welds  in  the  pile. 

I  have  here  another  sample  of  separation  at  the  weld.  This  is  a 
piece  of  "  shelly  "  boiler-plate.  The  layers  of  the  pile  from  which  this 
plate  was  made  have,  under  the  action  of  the  fire,  separated  at  the 
weld,  and  the  result  has  been  that  the  heat-conducting  power  of  the 
plate  has  become  impaired,  and  it  has  blistered  and  has  been  rendered 
useless,  and,  indeed,  unsafe. 

For  certain  purposes,  when  it  was  desired  to  have  the  hardness  of 
hard  steel  combined  with  the  toughness  of  wrought  iron,  case-harden- 
ing was  resorted  to.  This  was  effected  by  surrounding  wrought  iron 
with  some  suitable  substance,  commonly  animal  charcoal  or  bones,  en- 
closing the  whole  in  an  air-tight  vessel,  and  heating  for  a  considerable 
time.  The  result  was  to  carbonize  and  thereby  steelify  or  case-harden 
the  sur£ftce.  The  axle-trees  of  all  our  carriages  are  Uius  made  at  the 
present  day. 

I  have  on  the  table  a  wrought-iron  bar,  one  end  of  which  is  case- 
hardened,  while  the  other  is  left  in  its  natural  condition ;  and  you  will 
find  that  the  case-hardened  portion  is  unattackable,  even  by  a  fine  file, 
while  the  other  parts  may  be  readily  cut. 

SieeU  in  those  days  when  steel  was  a  luxury,  was  made,  and, 
indeed,  is  still  made,  as,  again,  no  doubt  you  ^ow,  by  taking  the 
wrought  iron  from  which  Sie  workman  had  laboriously  ejected  the 
carbon,  putting  that  wrought  iron  into  air-tight  firebriclc  boxes  con- 
taining charcoal,  and  heating  the  iron  there  during  many  hours. 
Under  these  circumstances  the  iron,  as  in  the  instance  of  tiie  case- 
hardening,  took  up  carbon,  and  then,  the  whole  being  suffered  to  get 
cool,  the  bars  were  withdrawn  and  were  found  to  be  covered  with 
vesicles,  and  thereupon  were  called  blistered  steeL  I  have  a  sample  of 
such  a  bar  before  me.  Until  the  middle  of  the  last  century  these  bars 
were  heated  and  forged,  and  were  made  into  the  articles  required,  and 
were  called  shear  steel ;  and  if  heated  and  welded  together  and  re- 
forged  they  were  double  shear^steel.  With  such  a  process  of  manu- 
facture as  this  the  product  was  of  necessity  very  variable  in  quality,  it 
was  irregularly  carbonized,  it  was  subject  to  the  bad  welds  that  I  have 
mention^,  and  it  was  only  due  to  the  experience  and  dexterity  of  the 
manipulator  that  useful  steel  was  obtained.  About  the  middle  of  the 
last  century,  however.  Huntsman  made  the  great  invention  of  casi 
steel.  I  have  already  told  you  that  the  heat  of  an  ordinary  puddling 
furnace,  or,  indeed,  any  of  the  heats  of  those  days,  was  insufficient  to 
keep  iron,  when  deprived  of  nearly  all  its  carbon,  in  fusion,  it  being 
the  carbon  that  gives  the  ready  fusibility  to  cast  iron.  But  Huntsman 
discovered  that  Qie  carbon  in  steel  was  sufficient,  if  a  very  high  heat 
were  got,  to  admit  of  fusion.    By  his  process  the  blister^bars  wore 
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broken  np,  they  were  examined  to  judge  by  their  firactnre  as  to  the 
amonnt  of  carbon  they  had  taken  in,  and  they  were  then  put  into 
covered  crucibles  heated  by  coke  fires,  where,  after  many  hours' 
intense  application  of  heat,  and  with  a  large  consumption  of  fuel,  the 
pieces  were  melted  and  a  charge  of  50  or  60  lb.  was  obtained.  The 
pots  were  then  laboriously  lifted  out  by  tongs,  the  legs  of  the  workman 
being  enveloped  in  wet  bandages  to  prevent  him  from  being  scorched 
or  from  having  his  clothes  set  on  fire. 

The  cover  being  removed  from  the  pot,  the  fluid  steel  was  poured 
out  into  an  ingot  mould,  producing  an  ingot  of  cast  steel.  These 
ingots  were  drawn  out  under  the  tUt-hammer  or  were  rolled,  and  in 
that  way  the  steel  of  luxury,  of  which  I  have  spoken,  was  made. 
This  cast  steel  had  the  great  advantage  over  the  shear  steel  of  being, 
at  all  events  so  far  as  each  ingot  was  concerned,  a  substance  of 
homogeneity ;  but  the  expense  was  very  great ;  there  was  the  expense 
of  the  crucibles,  of  the  labour,  and  above  all  of  the  fuel.  As  much 
as  three  tons  of  the  highest-priced  coke  were  required  to  melt  a  single 
ton  of  steel,  even  if  it  were  harsh  steel,  which,  from  its  containing  tiie 
greatest  amonnt  of  carbon,  is  the  most  fusible ;  and  still  more  was 
required  if  it  were  desired  to  melt  the  milder  qualities  of  cast  steel. 
For  many  years,  indeed,  these  mild  qualities  were  not  made,  and  it 
was  long  held  that  cast  steel  was  not  weldable,  the  fact  being  that  the 
cast  steel  of  those  days  was  all  too  highly  carbonized  to  admit  of  its 
bearing,  when  at  a  welding  heat,  the  stroke  of  the  hammer.  After  a 
time,  however,  the  furnaces  and  pots  were  improved,  and  steel  so  mild 
as  with  great  care  to  admit  of  welding  was  produced,  and  was  looked 
upon  as  a  great  wonder, — weldable  cast  steel.  I  may  say  that  pot 
steel  contained  probably  in  the  very  harshest,  such  as  that  employed 
for  making  files,  I'O  to  1*2  per  cent,  of  carbon,  and  in  the  very 
mildest  or  leas  fusible  steel,  five-tenths  to  six-tenths  of  1  per  cent. 
Not  only*  was  steel  thus  obtained  expensive,  but  it  was  also  limited  to 
small  pieces  of  50  or  60  lb.,  the  contents  of  a  crucible ;  this  objection, 
however,  was  overcome  by,  I  believe,  in  the  first  instance,  Erupp, 
who,  by  taking  care  to  have  a  sufficient  number  of  pots  hot  at  once, 
and  by  drilling  his  men,  succeeded,  in  1851,  in  pouring  the  pots,  pot 
after  pot,  into  the  desired  ingot,  so  as  to  farm  from  these  petty  spoon- 
fuls, as  it  were,  an  ingot  weighing  as  much  as  4500  lb.  This  was 
exhibited  in  the  Exhibition  of  1851,  and  was  the  object  of  great 
admiration ;  by  1862,  however,  Mr.  Erupp  was  enabled  to  exhibit  an 
ingot  perfectly  sound,  and  of  a  weight  of  20  tons. 

But  others  had  been  attempting  to  improve  the  manufiicture  of 
steel ;  and  among  these  I  must  bring  to  your  notice  the  ingenious 
French  chemist,  Ohenot,  who  essayed  to  get  rid  of  the  blast  furnace 
and  the  puddling  furnace  altogether  in  the  preparatory  stages,  and  to 
make  steel  direct  from  the  ore ;  and  he  not  only  essayed  it,  but  he 
effected  it.  His  plan  consisted  in  putting  a  pure  ore  into  an  air-tight 
vertical  chamber  surrounded  by  a  heated  central  zone,  and  so  con- 
structed that  the  ore  could  be  put  in  at  the  top  and  could  be  drawn  off 
at  the  bottom  at  a  considerable  distance  below  this  zone  of  heat,  and 
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in  a  oool  state.  The  ore,  while  in  the  chamber,  was  in  company  with 
powdered  charcoal,  which  deoxidized  the  ore,  so  that  when  it  was 
withdrawn  from  the  bottom  of  the  fdmace  it  was  a  sponge  of  iron, 
that  is  to  say,  wrought  iron  in  minute  particles  accompanied  by  the 
earthy  matter  of  the  ore.  This  sponge  was  groimd,  and  a  portion  of 
it  was  treated  while  cold  with  resin  or  fish-oil,  or  some  other  cap- 
bonaoeous  matter ;  then  the  portion  thus  treated  was  mingled  in  any 
desired  quantity  with  the  untreated  powder,  the  mixture  was  put  into 
a  machine  which,  in  order  to  consolidate  the  powder  and  make  it 
occupy  less  space,  formed  it  into  pellets  of  about  the  size  and  shape 
of  wine  corks,  ^ese  were  then  placed  in  ordinary  steel  melting- 
crucibles  and  were  fused.  The  eurthy  matter  separated  and  floated 
on  the  surface  as  a  viscous  glass,  while  the  fluid  steel  which  remained 
below  was  poured  into  an  ingot.  Ghenot  called  this  process 
^  cementation  ^  froid."  The  result  was  some  of  the  very  best  steel  I 
haye  ever  seen.  But  although  it  would  seem  that  the  process  of 
making  steel  direct  from  the  ore  should  have  been  a  cheap  one,  it  was 
not  so;  the  cost  of  the  melting  remained,  and  the  process  has  not 
been  pursued  to  any  extent  in  practice. 

About  the  year  1850  a  German,  Biepe,  patented  (as  a  communica* 
tion)  another  mode  of  making  steel,  which  was  used  to  a  very  con- 
siderable extent  in  England ;  the  product  was  known  as  puddled  steel. 

I  have  mentioned  that  in  converting  cast  iron  into  wrought  iron  in 
the  puddling  furnace,  the  large  quantity  of  carbon  present  in  pig  iron 
is  practically  all  driven  out ;  you  will  see,  therefore,  that  there  must 
be  a  time  in  the  puddling  process  when  the  mass  stUl  retains  just  so 
much  carbon  as  is  required  for  steel.  Eiepe's  patent  was  for  stopping 
the  puddling  process  at  this  point,  and  for  bringing  out  the  product 
as  steel.  The  patent  provided  an  ingenious  plan  for  enabling  the 
workman  to  make  (as  was  thought)  sure  of  the  result;  but  the 
product  was  an  uncertain  one,  and  you  will  not  wonder  at  this  when 
I  tell  you  that  nowadays  the  steel  manufacturer  is  careful  of  his 
proportions  down  to  the  twentieth  of  1  per  cent,  of  carbon. 

We  drift  into  the  habit  of  considering  1  per  cent  of  anything  as 
rather  a  small  matter ;  1  per  cent,  of  phosphorus  for  example.  But 
is  1  per  cent,  such  a  small  matter,  even  when  we  compare  bodies  of 
equal  specific  gravities  ?  I  think,  as  I  have  already  said,  we  can  best 
appreciate  such  fiEicts  by  the  aid  of  diagrams  or  of  models ;  and  in  this 
case,  following  a  suggestion  of  my  friend,  Mr.  Hawkesley,  past  President 
of  the  Institution  of  Givil  Engineers,  and  President  of  the  Institution 
of  Mechanical  Engineers,  I  will  in  this  instance  use  models. 

You  see  I  have  here  several  coloured  cubes.  I  will  ask  you  to 
suppose  that  the  large  one  (the  blue  one)  represents  wrought  iron ;  it 
is  exactly  1  cubic  foot,  1728  in.  I  have  a  yellow  cube  and  a  black 
cube,  each  of  them  is  2  *  58  on  the  side,  and  contains  therefore  17  *  28 
in.,  or  1  per  cent,  of  the  cubic  foot ;  and  I  have  two  smaller  cubes, 
yellow  and  black,  each  of  which  is  1*2  on  the  side,  and  contains 
therefore  1  *  728  cubic  in.,  or  one-tenth  of  1  per  cent  of  a  cubic  foot 
Assuming  the  yellow  and  black  cubes  to  represent  respectively  phos- 
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phoms  and  carbon,  and  that  phosphorus  and  carbon  had  each  the  same 
specific  gravity  as  iron,  the  eye  tells  us  that  1  per  cent,  is  a  yery 
appreciable  amount,  and  that  even  one-tenth  of  1  per  cent,  is  by  no 
means  to  be  despised ;  bat  phosphorus  and  carbon  are  both  lighter 
than  iron.  Phosphorus  I  have  taken  as  occupying  4*28  times  the 
bulk  of  iron,  weight  for  weight,  and  carbon  in  the  state  of  graphite 
8*48  times  the  balk  of  iron.  Let  me  now,  therefore,  substitute  cubes 
representing  the  balk  that  1  per  cent,  and  one-tenth  of  I  per  cent,  by 
weight  of  phosphorus  and  carbon  would  occupy;  you  will  find  the 
1  per  cent,  of  carbon  is  now  shown  by  a  cube  of  8*92  on  a  side,  and 
that  one-tenth  of  1  per  cent,  is  represented  by  a  cube  of  as  much  as 
1  *  82  linear  dimensions,  while  the  cubes  of  phosphorus,  which  has  a 
somewhat  less  specific  gravity  than  graphite,  being  practically  about 
one-fourth  that  of  wrought  iron,  have  attained  to  4*19  in.  for  the 
1  per  cent.,  and  to  1  *  95  for  the  one-tenth  of  1  per  cent. 

Looking  at  these  models,  I  think  we  more  easily  appreciate  the 
inflaence  that  may  be  exercised  by  even  only  one-ten^  of  1  per  cent. 

To  revert  to  Riepe.  He  patented  (also  as  a  communication^  another 
improvement  in  the  steel  industry,  and  an  improvement  which,  unlike 
his  puddling  process,  remains.  Before  his  time  any  article  in  steel  had 
to  be  made  by  forging,  casting  being  confined  to  the  forming  of  the  mere 
ingot  from  which  the  forgings  were  produced.  The  difficulty  in  casting 
steel  was  this:  if  it  were  run  into  moulds  of  iron,  such  as  those  in  which 
the  ingots  were  made,  it  could  not  be  a  casting  of  any  curved  form 
that  would  embrace  the  mould,  as  that  embrace  would  inevitably  break 
the  casting  in  the  act  of  contraction ;  moreover,  the  moulds  would  be 
cosily  to  make,  while,  on  the  other  hand,  steel  could  not  be  poured 
into  moulds  made  of  sand  or  loam  such  as  are  used  for  iron 
castings,  because  the  excessive  heat  partially  fused  the  material  of  the 
mould,  and  that  material  was  also  penetrated  by  spiculfe  of  steel,  and 
the  casting  was  therefore  useless.  I  have  experimented  upon  this 
subject,  to  try  whether  it  were  possible  to  cast  steel  in  large  masses 
(30  cwt.  in  a  piece)  in  the  most  carefully  prepared  mould,  such  as  is 
used  for  cast  iron.  I  tried  to  make  a  toothed  pinion  for  a  rolling  mill, 
and  I  thought  I  had  succeeded ;  but  when  I  endeavoured  to  clear  out 
what  I  supposed  was  the  sand  from  between  the  teeth,  I  found  a 
mixture  of  gand  and  steel  that  was  impossible  to  remove,  and  the  casting 
was  totally  useless.  Eiepe's  patent  got  over  the  difficulty  in  this  simple 
way:  the  inventor  said,  *'  If  your  mould  were  faced  with  some  matenal 
which  has  already  been  subjected  to  a  heat  equal  to  that  of  melted  steel, 
then  melted  steel  would  not  have  much  effect  upon  it ;  one  of  the  best 
materials  you  can  use  is  that  of  the  old  crucibles  in  which  steel  has 
been  melted ;  grind  these  into  powder."  The  objection  to  this  was 
that  such  powder  would  not  adhere,  and  the  walls  of  the  mould  would 
tumble  in.  This  objection  was  overcome  by  mixing  with  the  ground 
crucible  material  an  extremely  small  quantity  of  fireclay,  just  enough 
to  cement  the  powder  together.  With  these  linings,  moulds  are  com- 
petent to  receive  melted  steel  just  as  well  as  ordinary  loam  moulds 
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are  to  reoeiye  fluid  iron,  and  tiie  casting  comes  ont  as  dean ;  and  in 
this  manner  we  nowadays  produce  tootibed  wheels,  screw  propellers, 
and  all  sorts  of  castings  in  steel.  This  process  was  first  tii^en  up  by 
Messrs.  Yickers  and  Co.,  of  Sheffield,  and  is  now  largely  used  by  them 
and  by  other  firms.    I  have  samples  here  of  such  castings. 

While  efforts  were  being  made  to  perfect  the  l^ddled  Steel 
process,  Bessemer  came  with  his  great  invention.  Leaving  out  the 
early  attempts,  you  know,  of  course,  all  of  you  in  this  Institution,  that 
the  present  apparatus  of  Bessemer  and  his  process  are  (briefly  stated) 
as  follows :  An  egg-shaped  vessel,  the  converter,  with  a  curved  spout 
at  the  top,  is  mounted  upon  hollow  trunnions  through  which  air  is 
blown,  and  passing  down  suitable  conduits  at  the  sides  of  the  yessel, 
is  received  into  a  chamber  below  a  false  bottom,  containing  numerous 
small  holes,  up  through  which  the  air  issues  into  the  egg-shaped 
vessel.  (The  vessel,  b^g  heated,  is  laid  do¥m  on  its  side ;  in  this 
condition  it  receives  molten  pig-iron,  the  blast  is  put  on  and  then  the 
yessel  is  turned  vertically,  so  that  the  molten  iron  is  supported  upon 
the  perforated  floor,  if  I  may  so  call  it,  through  which  the  air  is 
issuing.  The  iron  cannot  flow  down  through  the  holes  on  account  of 
the  violence  of  the  upward  blast,  and  thus  the  molten  iron  stands  on 
the  top  of  the  holes  in  the  same  way  as  the  liquid  in  the  upper  part  of 
a  gazogene  stands  upon  the  perforated  bottom  of  that  vessel.  The  air 
in  its  passage  through  the  molten  iron  combines  with  and  bums  out 
the  carbon  and  silicon,  generating  heat  in  so  doing,  and  thereby  in- 
creasing the  temperature  of  the  fluid  mass,  a  most  necessary  thing, 
as,  from  the  loss  of  the  carbon,  that  mass  would  set  or  become  pasty,  if 
it  were  subjected  to  no  higher  heat  than  that  which  it  had  when  it  was 
poured  into  the  converter.  Further,  the  air  bums  a  portion  of  the 
iron,  and  in  this  way  there  is  produced  the  final  intense  heat  requisite 
for  retaining  in  the  fluid  state  iron  practically  deprived  of  its  carbon. 
As  soon  as  the  carbon  has  been  driven  ofi^  and  the  metal  has  thus 
been  brought  into  the  condition  of  fluid  wrought  iron,  the  converter  is 
again  laid  down  on  its  side,  the  blast  is  stopped,  and  a  certain  pro- 
portion of  Spiegeleisen,  that  is,  cast  iron  containing  a  large  admixture 
of  carbon  and  of  manganese,  is  poured  in.  The  carbon  restores  to  the 
iron  the  quantity  requisite  to  convert  it  into  steel ;  the  manganese 
plays  a  part  in  neutializing  the  bad  effects  of  the  shut  up,  or,  as  I 
believe  the  scientific  term  is,  occluded  oxygen,  and  probably,  as  I  shall 
have  occasion  to  note  hereafter,  performs  other  useful  offices.  But  on 
this  obscure  subject  of  the  true  function  of  the  manganese  I  dare  not 
at  present  to  venture  further. 

By  the  addition  of  the  Spiegeleisen  the  fluid  iron  has  become  fluid 
steel;  this  is  poured  into  ingots,  and  those  ingots  are  forged  and 
rolled  into  rails,  tyres,  and  other  useful  forms. 

Now,  I  told  you  that  for  years  steel  was  a  luxury ;  I  had  also  told 
you  that  it  was  a  luxury  people  paid  for,  because  in  certain  cases  that 
which  was  to  be  trusted  was  worth  any  money ;  and  that  steel  was  to 
be  trusted  was  a  proverb,  **  As  true  as  steeL"  But,  unhappily,  the 
time  came  when  confidence  in  steel  was  lost,  and  its  character  was 


Digitized  by  VjOOQIC 


324  Mr.  F.  J.  Bramwell  [March  9, 

gone.  The  irregnlarity  in  the  puddled  steel  did  much  to  lower  the 
character ;  and  I  regret  to  say  that  the  employment  of  steel  in  oivil- 
enginoering  structures,  such  as  bridges,  has  been  retarded  until  this 
very  time  (for  indeed  even  yet  the  biui  is  not  removed)  by  the  Board 
of  Trade,  because  of  their  experiments  in  the  year  1860  with  puddled 
steel,  experiments  that  did  not  yield  results  superior  to  those  obtain- 
able from  wrought  iron.  The  Bessemer  process,  although  infinitely 
better  than  Riepe's  in  the  matter  of  accuracy,  and  a  process  which 
may  be  carried  out  with  very  considerable  approach  to  certainty  of 
result  if  great  care  be  used,  did  not  in  the  first  instance  repair  the 
damaged  reputation  of  steel  as  regarded  uniformity.  Do  not  for  one 
moment  imagine  that  I  am  casting  any  slur  upon  the  Bessemer  process. 
On  the  contrary,  I  wish  it  to  be  understood  that  it  has  no  more  ardent 
admirer  than  myself,  and  there  is  no  one  more  ready  to  acknowledge 
the  enormous  stimulus  that  it  gave  to  the  steel  trade,  by  making  it 
possible  to  afford  to  employ  steel  for  purposes  from  which  the  price  had 
previously  shut  it  out.  But  it  was  not  unnatural,  in  the  earlier  days 
of  the  manufacture,  that  the  persons  engaged  therein  were  not  alive 
to  the  extreme  delicacy  required ;  and  tibat  thus  steel  was  produced 
which,  from  charge  to  charge,  varied  two  or  three  tenths  of  a  per  cent 
of  carbon.  I  have  already  called  your  attention  to  the  fact  tiiat  this, 
which,  when  stated  in  words,  appears  to  be  but  a  trifling  matter,  is 
seen  to  be,  when  judged  of  by  inspection  of  models,  a  serious  one ;  and 
practice  proves  that  it  is  serious.  Bails  were  made  of  such  steel,  and 
the  result  was  that  sometimes  the  rails  were  entirely  satisfactory^ 
while  at  other  times  rails  which  appeared  equally  good  broke  under 
the  weight  of  a  passing  engine,  and  an  accident  ensued.  Boilers  were 
made  of  steel  plates,  and  it  was  found  that,  after  punching,  the  plates 
were  so  much  weakened  that  they  could  not  be  trusted ;  while  another 
boiler  appeared  to  be  superior  to  any  that  had  ever  been  constructed 
of  wrought  iron.  Tests  were  made,  and  great  diversity  was  found. 
Some  steel  broke  with  28  or  30  tons,  others  supported  50 ;  and,  as 
the  result  of  these  early  investigations,  steel  got  so  bad  a  name  that 
the  prudent  man  began  to  think  he  must  give  up  the  idea  of  steel, 
and  go  back  to  iron.  Steel  manufacturers  pointed  to  the  fact  that  the 
average  strength  of  steel  was  considerably  in  excess  of  wrought  iron  ; 
but  the  engineer  responsible  for  the  safety  of  structures  retorted,  and 
with  great  effect :  "  The  average  strength  won't  do  for  me ;  an  average 
may  bo  made  up  of  samples  that  may  have  a  very  high  breaking 
resistance,  and  of  others  which  have  a  very  low  one.  How  can  I  teU 
that  in  the  structure  I  am  making  I  may  not  have  the  low  samples, 
or  that  I  may  not  have  them  in  certain  parts  which  will  be  ajs  fatal 
as  though  I  had  them  all  over  ?  It  will  be  a  very  poor  consolation 
for  some  passenger  maimed  in  a  railway  accident  to  be  told  that  I  had 
made  my  calculations  upon  the  average,  and  that  these  calculations 
were  perfectly  right,  but  that  unhappily  he  had  suffered  from  going 
over  a  structure  which  contained  a  minimum- sample."  Obviously  the 
thing  needed  in  structures  is  not  a  high  average  alone,  but  a  high 
average  coupled  with  a  minimum  of  variation,  a  certainty.     It  is  only 
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two  years  ago  that  Mr.  Bamaby,  speakmg  at  the  Institation  of  Naval 
Architects,  after  stating  the  precautions  taken  in  the  French  Govern- 
ment  yards  in  the  working  of  steel  for  ships,  said:  "I,  for  one, 
should  feel  very  doubtfdl  alK>nt  a  ship  built  of  it  for  myself,  unless  I 
could  see  every  plate  worked." 

Mr.  Bamaby  was  judging  fairly  enough  from  that  which  had  been 
the  case  during  the  infancy  of  the  great  wholesale  manufacture,  but 
he  was  not  giving  credit  for  the  advance  which  had  been  made  by  the 
able  men  who  had  been  directing  their  intellects  to  the  improvement 
of  the  manufacture  and  to  the  attainment  of  certainty.    Among  these 
men  was  one  of  the  managers  of  this  Institution,  Dr.  Siemens.     He, 
as  you  know,  some  years  before  had  perfected  his  excellent  invention 
of  the  regenerative  gas  furnace,*  by  means  of  which  he  is  enabled 
to  attain  any  heat  consistent  with  the  limit  of  endurance  of  the  fur- 
nace materials.     Armed  with  this  power,  he  has  no  difficidty  in 
keeping  pure  wrought-iron  in  fusion,  and  in  keeping  it  so  witiiout 
waste,  because  he  can  always  ensure  that  the  flame  (being  under 
control)  shall  be  neutral,  or  even  reducing.    His  process  of  making 
steel  and  the  system  he  employs  (as  I  have  had  an  opportunity  of 
seeing  more  than  once  at  the  Lanaore  Steel  Works,  Swansea,  and  at 
other  works)  consists,  according  to  one  mode,  in  melting  in  a  regene- 
rative furnace  several  tons,  7,  9,  10,  or  12,  according  to  the  size  of 
the  furnace,  of  pig  iron.     To  this  bath  of  fluid  metaJ  he  adds  from 
time  to  time  about  25  per  cent,  of  iron  ore.  The  ore  and  the  pig  iron 
react  one  upon  the  other ;  the  carbon  of  the  pig  iron  and  the  oxygen 
of  the  ore  unite  so  as  to  decarbonize  the  pig  iron  and  to  deoxidize  the 
iron  ore,  the  result  being  fluid  wrought-iron,  with  scarcely  a  trace  of 
carbon  in  it     This  fluid  wrought-iron  has  added  to  it  an  appropriate 
quantity  of  Spiegeleisen,  and  in  that  way  the  bath  is  converted  into 
steel.    The  process  takes  about  four  hours  for  the  melting  of  the  pig 
iron,  about  tiiree  houra  for  the  addition,  by  degrees,  of  the  ore,  and 
about  one  hour  for  taking  out  specimens  and  ensuring  that  the  correct 
condition  has  been  arrived  at,  the  power  of  thus  taking  specimens  and 
adjusting  proportions  being  a  great  advantage  in  the  Siemens  process. 
Then  the  Spiegeleisen  and  the  tapping  require  also  about  an  hour, 
and  another  hour  is  employed  in  getting  the  furuace  into  condition  for 
a  further  charge,  so  that  about  ten  to  eleven  hours  elapse  from  the 
commencement  of  one  charge  to  the  commencement  of  the  next. 
Practically,  including  the  short  day  on  Saturday,  thirteen  charges  of 
7,  9,  or  12  tons  are  obtained  from  each-  furnace  per  week.    Owing  to 
the  ability  of  testing  the  steel  material  before  it  is  tapped  out,  this 
mode  of  manufacture  can  be  relied  upon  with  the  most  absolute 
certainty  to  produce  the  very  steel  that  the  manufacturer  had  in- 
tended.   If  it  is  to  contain  two-tenths  of  1  per  cent,  of  carbon,  he 
knows  that  it  has  got  it,  because  he  knows  it  was  deprived  of  carbon 
down  to  say  half  of  one-tenth,  and  then  he  is  aware  of  exactly  the 
amount  which  is  put  in,    A  further  advantage  is  that,  as  regards  one- 
fifth  of  the  material  (the  iron  ore),  that  fifth  has  never  been  contami- 

•  '  Proccodiugs  of  the  Itoyal  luBtitution/  Juue  20, 1862,  vol.  ill.  p.  536. 
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nated  by  exposure  to  impure  fuel  or  to  impure  flaxes.  Moreover,  the 
iron  in  it,  which  may  be  taken  at,  perhaps,  50  per  cent,  of  the  weight 
of  the  crude  ore,  is  iron  in  the  very  cheapest  of  all  forms.  A  further 
advantage  is  that  the  labour  is  reduced  to  a  minimum.  With  the  gas 
furnace,  the  furnace-man  has  nothing  to  do  with  fuel,  for  that  is  shot 
out  of  the  railway  waggon  into  the  tops  of  the  producers  in  a  very 
wholesale  manner  and  by  unskilled  men.  The  furnace-man's  work, 
as  regards  heating  the  furnace,  is  confined  to  turning  a  tap  as  he 
would  to  light  the  gas  in  his  own  room,  and  to  alternate  the  re- 
generator valves  every  half  hour  or  three-quarters  of  an  hour. 

The  sole  labour  worth  talking  about  consists  in  putting  into  the 
baths  the  25  per  cent,  of  iron  ore  during  the  three  hours  out  of  the 
ten.  There  is  no  rabbling,  and,  in  &ct,  no  laborious  employment  at 
all.  But  it  may  be  said  that  the  process  compares  unfavourably  with 
the  Bessemer  in  consequence  of  the  amount  of  fuel  used,  for  that  in 
the  Bessemer  process  no  fuel  is  employed.  This  is  not  the  place  to  go 
into  commercial  statistics ;  but  if  it  were,  it  coidd  be  shown  that  the 
coal  required  to  make  the  coke  for  melting  the  Bessemer  pig  in  the 
first  instance,  for  heating  the  converter,  for  working  the  blowing 
engines,  and  for  melting  the  Spiegeleisen  amounts  to  from  13  to 
14  cwt.  per  ton  of  ingots,  while  10  cwt.  of  small  coal  made  into  gas 
suffices,  by  the  Siemens  process,  to  make  1  ton  of  ingots ;  moreover, 
the  ultimate  fuel  in  the  Bessemer  process  is  the  combustion  of  a 
portion  of  the  iron  itself.  These,  however,  are  commercial  details ;  but 
the  fact  is  undoubted,  that  while  by  the  Bessemer  process,  when  con- 
ducted by  skilled  men  thoroughly  well  acquainted  with  their  business, 
trustworthy  results  can  be  obtained,  by  the  Siemens  process  it  requires 
very  great  cleverness  indeed  to  obtain  an  untrustworthy  result. 

There  is  another  mode  in  which  the  manufacture  of  steel  by  the 
Siemens  process  is  carried  out.  This  consists  in  melting  pig  iron  as 
before ;  but  instead  of  its  being  four-fifths  of  the  total  charge,  it  is 
now  only  two-sovenths.  Into  this  melted  pig-iron  ore,  deprived  in  a 
previous  process  of  its  oxygen,  is  introduced,  either  in  the  shape  of 
spongy  iron,  or  in  a  more  consolidated  form  as  a  ball  or  Uoom, 
produced  direct  from  the  ore  in  a  rotatory  furnace.  In  the  absence  of 
this  deoxidized  ore,  and  for  the  purpose  of  using  up  old  materials, 
wrought  scrap,  such  as  worn  rails  and  matters  of  that  kind,  or  what 
are  Imown  as  the  "skulls,"  thut  is  to  say,  steel  which  has  set  and 
adhered  to  the  sides  of  the  ladles,  may  be  put  into  the  baths.  These 
readily  melt  down  and  dissolve  in  the  high  heat  of  a  Siemens  furnace 
when  in  contact  with  the  carbonaceous  pig-iron ;  then  a  small  per- 
centage of  ore  is  added  to  get  rid  of  the  carbon  of  the  pig.  It  has 
long  been  thought  that  phosphorus  was  absolutely  destructive  of  good 
steel;  but  this  is  not  so,  provided  that  it  be  accompanied  by  an 
increase  in  the  dose  of  manganese.  Phosphorus  appears  not  only  to 
be  harmless  for  many  purposes,  but  to  replace  the  carbon ;  and  thus  it 
is  that  if  the  old  iron  contain  phosphorus,  the  bath  being  treated  with 
forro-manganese  instead  of  the  Spiegeleisen  yields  good  steel,  although 
there  may  be  in  it  as  much  as  one  fourth  of  1  per  cent,  of  phosphorus. 
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I  haye  already  quoted  to  yon  Mr.  Bamaby's  remarks  made  at  the 
Nayal  Arcbitects'  meeting  in  1875,  when  he  expressed  his  donbts  as 
to  the  suitability  of  steel  for  the  building  of  ships.  In  1876,  after  he 
had  investigated  the  matter  further,  and  had  seen  what  could  be  done, 
he  said,  speaking  of  certain  samples  of  steel,  that  they  were  a 
splendid  material,  such  as  shipbuilders  might  use  with  a  very  great 
deal  of  confidence.  ^'My  remarks,''  said  hie,  **last  year  were  taken 
somewhat  unkindly,  as  I  thought,  by  the  Bessemer  steel  makers ;  and 
I  would  ask  the  gentlemen  in  the  room  now,  who  know  most  about 
the  matter,  whether  we  have  not  since  last  year  got  a  material  better 
suited  for  ship-building  than  we  had  then  seen  ?  " 

I  was  going  to  say  steel  is  getting  back  its  character.  I  believe  I 
may  truly  say  it  has  got  back  its  character.  At  all  events  the 
Admiralty  show  their  confidence  by  using  it.  They  demand  that 
when  tested,  every  sample,  if  8  inches  long,  shall  elongate  at  least  20 
per  cent  before  ultimate  fracture,  and  also  that  every  sample,  after 
being  heated  and  quenched  in  cold  water,  should  be  capable  of  being 
bent  cold  (the  radius  of  curvature  being  not  more  than  three-fourths 
the  thickness  of  the  sample)  without  any  distress  whatever  being 
evinced  by  the  metal.  I  beUeve  I  am  correct  in  saying,  that  every 
sample  out  of  fourteen  thousand  which  have  been  tested  at  Landore 
has  fulfilled  these  conditions.  It  has  not  been  a  question  of  averages, 
but  each  sample  has  fulfilled  the  conditions. 

But  the  fact  is,  that  such  material  will  stand  far  more  severe  tests 
than  this.  I  will  ask  your  attention  to  these  samples,  folded  and  re- 
folded quite  fiat  when  cold  and  after  quenching.  I  have  hung  on  the 
wall  a  rough  diagram  of  the  testing  machine  used  at  the  Landore 
Works.  You  will  see  that  the  sample  to  be  torn  asimder  is  tested  in  a 
vertical  position,  and  is  held  at  its  lower  extremity  in  a  shackle 
attached  to  a  strong  adjusting  screw,  while  the  upper  part  is  fast  to  a 
similar  shackle,  which  holds  down  the  short  end  of  the  main  lever. 
This  lever  is  carried  on  knife-edges,  and  has  a  working  end  twenty 
times  as  long  as  the  short  one,  so  that  each  hundredweight  suspended 
to  the  long  end  gives  a  ton  strain  to  the  sample.  At  the  working  end 
there  is  an  hydraulic  ram,  which  upholds  the  lever  while  the  weight 
is  being  applied ;  as  soon  as  it  is  in  its  place  a  valve  is  opened,  the 
water  is  suffered  to  run  slowly  out  from  below  the  ram,  and  thus  the 
weight  is  brought  gradually  on  the  specimen.  Fractions  of  a  ton  are 
applied  by  sliding  the  small  weight  along  the  beam.  By  such  an 
apparatus  as  this  the  experiments  can  be  accurately  although  rapidly 
conducted,  and  the  amount  of  extension,  the  elastic  limit,  and  the 
strain  required  for  rupture  can  all  be  ascertained. 

I  wish  at  this  point  to  make  some  observations  upon  testings, 
which  testings,  I  think,  have  led  the  public  to  believe  in  higher 
results  than  have  really  been  obtained.  1  have  before  me  on  the  table 
the  samples  8  inches  long  I  have  previously  referred  to,  which  samples 
have  been  tested  for  the  Admiralty  at  the  Landore  Works;  and  to 
render  more  intelligible  that  which  I  am  about  to  say,  I  have  hung  a 
diagram  upon  the  wall,  of  the  appearance  presented  by  such  samples ; 
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yon  will  see  that  at  the  point  of  fracture  the  width  is  diminished 
to  about  80  per  cent.,  and  the  thickness  to  about  80  per  cent.,  so  that 
the  area  of  tiie  fracture  is  rather  more  than  fiye^ghths  of  that  pos- 
sessed by  the  original  metaL  You  will  also  see  that  &is  diminution  has 
not  extended  throughout  the  whole  8  inches,  but  that,  on  the  contrary, 
it  prevails  only  at  tiie  very  point  of  fracture,  and  that  the  area  greatly 
increases  for  about  1  indi  each  way.  The  elongation  in  the  whole 
8  inches  has  been  2|,  or  above  25  per  ceni,  instead  of  the  20  per 
cent,  contracted  for ;  but  if  the  2  inches  bordering  upon  the  fracture 
alone  were  taken,  it  would  be  found  the  percentage  of  stretch  in  those 
2  inches  woidd  be  as  much  as  60  per  cent. ;  and  thus  it  is  that  by 
referring  the  extension  at  rupture  to  short  samples,  very  high  ratios 
of  extension  have  been  published,  ratios  which,  as  I  have  said,  may, 
if  not  explained,  lead  to  erroneous  impressions. 

I  have  thought  it  might  be  interesting  to  you  to  see  a  sample 
tested ;  and,  thanks  to  the  kindness  of  the  authorities  at  the  Museum 
of  Economic  Geology,  who  have  lent  me  the  apparatus,  I  am  able 
to  show  this  to  you.  I  have  added  a  pointer,  to  indicate  the  extension 
within  the  elastic  limits,  and  also  the  extension  up  to  rupture.  The 
pointer  exaggerates  the  movement  ten  times. 

[The  image  of  the  specimen  was  thrown  upon  the  screen,  so  that 
the  change  of  shape  preceding  the  moment  of  rupture  was  seen.] 

I  have  here  another  sample  of  steel  which  has  been  torn  asunder. 
This  is  a  material  intended  for  the  outside  of  cannon,  where  the 
requirements  are,  comparatively  little  extension  but  great  ultimate 
strength.  The  elongation  here  in  the  8  inches  has  only  been  14  per 
cent.,  while  the  ultimate  tension  has  been  50  tons  per  inch. 

I  need  hardly  tell  this  meeting  that  for  all  purposes  of  railway 
structure,  railway  axles,  tyres,  and  in  other  instances  where  shock  or 
impact  have  to  be  resisted  by  a  material,  the  mere  power  of  withstand- 
ing a  steady  strain  is  not  sufficient.  What  is  required  is  the  ability 
to  demand  a  considerable  amount  of  mechanical  force  to  be  exerted  to 
cause  rupture — that  is  to  say,  the  ability  to  resist  "  work  done." 

Supposing  that  I  had  a  material  which  would  only  bear  one  ton  to 

the  inch,  but  which  would  extend  100  per  cent,  before  rupture;  then  a 

bridge  made  of  such  a  material  would  bear  a  very  light  load  only 

without  beginning  to  yield,  but  no  amount  of  shock  would  make  it 

break  suddenly ;  one  sees  that  it  would  continue  to  stretch  and  stretch. 

That  would  be  a  useless  material.     Suppose,  on  the  other  hand,  I  had 

a  material  that  would  bear  100  tons  upon  the  inch,  but  which  would 

only  elongate  one  thousandth  of  1  per  cent,  before  fracture;  that  would 

be,  again,  wholly  unfit,  because  the  smallest  shock  would  break  it;  it 

would  be  as  brittle  as  glass.     That  which  is  required,  therefore,  is  the 

union  of  the  two  qualities,  the  great  strength  and  the  great  elasticity. 

When  the  product  of  these  two  is  a  maximum,  then  the  maximum  of 

safety  is  attained  in  structures  exposed  to  shock.     Steel  which  vnll 

bear  80  tons,  and  will  elongate  20  per  cent.,  would  obviously  require 

30 
in  a  length  of  100  a  power  of  -„-  by  20  (  =  300)  to  break  ono  square 
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inch.    If  it  would  bear  40  tons,  and  would  elongate  15  por  cent.,  it 

40 
would  equally  require  a  power  of  -^  X  15  (  =  300)  to  effect  rupture ; 

or  if  it  would  bear  60  tons,  and  would  yield  only  10  per  cent.,  it  again 
would  require  a  power  of  300.  Now,  according  to  the  purpose  to 
which  the  steel  has  to  be  applied,  it  may  be  desirable  to  increase  the 
power  of  resisting  the  quiescent  load  or  to  increase  the  power  of  exten- 
sion ;  but  that  which  ^ould  be  aimed  at  is  obviously  the  faculty  of 
increasing  both  these  in  the  same  sample ;  and  I  am  sorry  that  any 
precaution  as  regards  tests  should  be  taken  which  deters  the  manu- 
fcM^turer  from  improvement  in  this  direction;  but  such  precautions  are 
taken.  It  is  known  that  it  is  possible  to  make  a  steel  which  will  not 
bear  more  than  30  tons  per  square  inch  without  rupture,  but  which 
will  certainly  extend  20  per  cent,  in  8  inches  before  that  rupture  takes 
place.  There  are  persons  who  prescribe  tests  who  are  content  with 
this  condition  of  things,  and  in  order  to  ensure  it  they  absolutely  forbid 
the  steel  being  made  to  bear  more  than  the  80  tons.  To  my  mind  tb's 
is  to  be  regretted.  I  should  have  thought  the  right  thing  to  do  would 
be  to  say,  ^  We  will  have  our  20  per  cent,  in  the  8  inches  of  extension ; 
we  will  not  have  a  less  ultimate  tensile  strain  than  30  tons ;  but  we 
shall  be  very  much  obliged  to  you  to  give  us  as  much  greater  a  tensile 
strain,  so  long  as  it  is  accompanied  by  no  decrease  in  extension,  or  in 
other  qualities,  as  your  knowledge  of  steel  manufetcture  can  enable  you 
with  certainty  to  give." 

I  told  you  that  the  civil  engineer  had  suffered  from  the  Board  of 
Trade  having  experimented  in  the  year  1860  with  puddled  steeL  In 
England,  therefore,  the  very  birthplace  of  the  great  steel  industry,  in 
contradistinction  to  the  limited  luxurious  steel  industry,  the  civil 
engineer  has  been  unable  up  to  the  present  time  to  use  steel  in  railway 
bridges,  because  up  to  the  present  time  steel  (cheap  as  it  has  become) 
has  ad  ways  been  dearer  than  wrought  iron,  weight  for  weight,  although 
not  dearer  of  late  years  when  considered  in  relation  to  its  power  of  sup- 
porting strains.  But  cheap  as  it  has  been,  the  English  engineer  has 
not  been  able  to  use  it,  because  the  Board  of  Trade  will  not  recognize 
it  as  being  a  more  valuable  material  than  wrought  iron ;  and  therefore 
if  the  engineer  were  to  use  steel,  he  would  be  compelled  to  employ  just 
as  much  weight  of  steel  as  he  would  employ  of  iron  if  he  used  wrought 
iron. 

In  Holland  the  civil  engineer  is  allowed  to  use  steel  in  his  bridges, 
and  it  is  treated  as  it  deserves  to  be,  as  a  metal  competent  to  l^ar 
a  greater  strain  than  wrought  iron;  but  in  England  the  unhappy 
puddled-steel  experiment  stands  in  the  way.  I  am  glad  to  say,  how- 
ever, that  by  the  insistance  of  Sir  John  l^wkshaw,  in  the  first  case, 
and  then  by  that  of  a  Committee  of  the  British  Association,  inaugurated 
at  the  Bradford  meeting  by  Mr.  William  Henry  Barlow,  President  of 
the  Mechanical  Section,  of  which  Committee  Sir  John  Hawkshaw  is  a 
member,  the  Board  of  Trade  are,  I  believe,  being  brought  to  a  due 
appreciation  of  the  present  state  of  the  steel  manufacture ;  and  I  do. 
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hope  that  ere  long  English  engineers  may  not  be  debarred  from  making 
railway  bridges  of  large  spans,  which  they  could  well  do  were  they 
allowed  to  use  steel  at  its  reasonably  safe  value. 

Let  me  remind  you  that  it  is  not  a  mere  question  of  the  weight 
and  cost  of  bridges  which  is  here  involved,  but  it  is  a  question  of  the 
maximum  span  that  can  practically  be  attained;  and  in  respect  of 
this  question  I  do  not  think  I  can  do  better  than  quote  from  Mr. 
Barlow's  address  delivered  at  Bradford  : 

^'We  know  from  established  mechanical  laws  that  the  limiting 
spans  of  structures  vary  directly  as  the  strength  of  the  materiiS 
employed  in  their  construction,  when  the  proportion  of  depth  to  span 
and  all  other  circumstances  remain  the  same.  We  know  also  that, 
taking  an  ordinary  form  of  open  wrought-iron  detached  girder  (as,  for 
example,  when  the  depth  is  one-fourteenth  of  the  span),  the  limiting 
span  in  iron,  with  a  strain  of  five  tons  to  the  inch  upon  the  metal,  is 
about  600  feet ;  and  it  follows  that  a  steel  girder  of  like  proportions, 
capable  of  bearing  eight  tons  to  the  inch,  would  have  theoretically  a 
limiting  span  of  960  feet. 

"  This  theoretical  limiting  span  of  960  feet  would,  however,  be  re- 
duced by  some  practical  considerations  connected  with  the  minimum 
thickness  of  metal  employed  in  certain  parts,  and  it  would,  in  effect, 
become  about  900  feet  for  a  girder  of  the  before-mentioned  construc- 
tion and  proportions. 

"  The  knowledge  of  the  limiting  span  of  a  structure,  as  has  been 
explained  elsewhere,  enables  us  to  estimate  very  quickly,  and  with 
close  approximation  to  the  truth,  the  weight  of  girders  required  to 
carry  given  loads  over  given  spans ;  and  although  the  limiting  spans 
vary  with  every  form  of  structure,  we  can  obtain  an  idea  of  the  effect 
of  introducing  steel  by  the  relative  weights  of  steel  and  iron  required 
in  girders  of  the  kind  above  mentioned. 

^*  Assuming  a  load,  in  addition  to  the  weight  of  the  girder,  of  one 
ton  to  the  foot,  the  relative  weights  under  these  conditions  would  be 
as  follows : 


Span. 

Weight  of 
Steel  Girder. 

Weight  of 
Iron  Girder. 

200 
800 
400 

tons. 

67 

150 

820 

tons. 
100 
800 
800 

I  must  not  leave  the  history  of  that  which  has  been  done  to  render 
steel  trustworthy  without  alluding  to  a  particular  defect  that  frequently 
occurred  in  the  Bessemer  ingot,  and  to  the  manner  in  which  Sir 
Joseph  Whitworth,  that  most  distinguished  amongst  English  scientific 
mechanics,  has  succeeded  in  curing  that  defect ;  I  refer  to  the  cavities 
that  were  sometimes  found  in  the  interior  of  the  Bessemer  ingots, 
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oayitiefl  whicb,  when  they  did  occnr,  interfered  permanently  with  the 
strength  of  the  article  proyided  from  such  ingots ;  hecanse,  although 
the  action  of  powerful  hammers  might  close  the  cavities,  it  was  im- 
possible for  their  sides,  at  the  temperature  at  which  steel  is  worked,  to 
be  brought  into  actual  metallic  union.  8ir  Joseph  Whitworth  has 
devised  an  apparatus  by  which  the  steel  in  the  act  of  cooling  can  be 
subjected  to  very  heavy  pressure,  and  by  which  therefore  the  cavities 
may  be  prevented  from  forming,  or  may  be  materially  diminished  in 
extent.  Sir  Joseph  has  obtained  some  very  remarkable  results ;  but  I 
will  not  pursue  this  branch  of  steel  improvement  further,  because  it 
has  been  brought  before  the  members  of  this  Institution  on  a  previous 
occasion  by  Professor  Tyndall.* 

I  think  it  right,  however,  to  say  that  many  steel  manufacturers  of 
large  experience  hold  that  with  steel  made  by  the  pot  process  or  by  the 
Siemens  process,  sound  ingots  may  be  obtained  witiiout  the  application 
of  high  pressure ;  and  I  would  on  this  subject  ask  your  attention  to  a 
slice  of  the  head  of  an  ingot  which  has  been  polished  and  sent  here  by 
Messrs.  Yickers  and  Co.,  of  Sheffield. 

I  think,  on  inspection  after  the  lecture,  you  will  find  it  to  be 
absolutely  sound;  and  you  must  remember  that  this  slice  is  taken  from 
the  upper  part,  and  therefore  presumably  the  least  sound  part  of  the 
large  mass,  the  lower  portion  of  which  has  been  forged  into  a  crank. 
Messrs.  Yickers  write  to  me  that  they  are  making  at  the  rate  of  two 
sach  crank-forgings  a  day,  and  that  they  can  confidently  say  every  ono 
of  the  ingots  is  as  free  from  cavities  as  is  this  sample. 

The  Future  of  Sled. 

I  embrace  within  the  title  of  steel  any  material  which  is  composed 
of  iron  united  with  a  very  small  proportion  of  carbon,  or  of  some 
other  alloy,  a  material  which  has  been  in  fusion  and  is  malleable. 

I  believe  the  application  of  steel  to  railways  will  be  universal. 
For  the  rails  it  is  now  as  commonly  employed  for  new  rails  as  is 
wrought  iron  itself.  For  wheel  tyres  it  is  used  in  all  cases  where 
excellence  is  wanted.  For  the  locomotive  engine  I  believe  I  am  right 
in  saying  that  Mr.  Webb,  of  Crewe,  has  made  every  part  of  a  locomotive 
engine  which  had  been  previously  made  of  wrought  iron  /"or  of  brass 
in  the  case  of  the  tubes  for  the  boilerl  of  steel ;  steel  irame,  steel 
wheels,  steel  tyres,  steel  boiler,  barrel,  nre-box,  and  tubes ;  and  with 
respect  to  the  bridges  and  other  works  on  the  line  itself,  I  do  hope,  as 
I  have  said,  that  me  Board  of  Trade  difficulty  will  be  removed,  and 
that  we  shall  see  steel  girder  bridges  of  every  construction.  I  have 
mentioned  Mr.  Webb's  name  and  the  extension  he  has  given  to  the  use 
of  steeL  He  informs  me  that  after  years  of  careful  observation  he 
c-ame  to  the  conclusion  that  steel  was  so  feur  superior  to  wrought  iron 
for  all  the  purposes  for  which  the  Crewe  works  supplied  that  first  of 
our  railways,  the  London  and  North- Western,  that  he  has  entirely 

*  *  Proceedings  of  the  Royal  InstitatioD/  Jane  4, 1875,  vol.  yii.  p.  524. 
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abandoned  the  making  of  wrought  iron  at  those  works,  steel  having 
superseded  it. 

With  respect  to  ships,  the  Admiralty,  as  I  have  told  yon,  are  now 
using  steel ;  its  fatnre  there  is  assured.  With  respect  to  boilers,  it 
answers  for  the  locomotive  with  its  140  lb.  of  steam,  and  I  believe 
it  will  succeed  for  all  boilers  in  regular  work;  but  with  respect  to  the 
boilers  of  the  Royal  Navy,  the  principal  enemy  of  which  is  corrosion 
from  want  of  use,  and  is  not  deterioration  by  ordinary  wear,  it  remains 
to  be  seen  whether  this  enemy  may  not  be  more  prejudicial  to  mild 
steel  than  it  is  to  iron. 

Wire  ropes  for  collieries  and  for  steam-ploughing  have  for  years 
past  been  msA^  of  steel ;  telegraph  wires  are  made  of  steel ;  cannon, 
when  built  up  in  separate  hoops,  are  most  advantageously  made  of 
steel,  because  the  required  variation  in  elasticity  can  be  given  to  each 
hoop.  The  shot  and  shells  for  cannon  can  advantageously  be  made  of 
steel.     I  have  here  samples  on  the  table  from  Landore. 

The  so-called  tinplates,  the  plates  from  which  tin  pots  and  all 
the  other  tinman's  ware  are  made,  are  now  made  from  steel.  This 
material  for  tinned  plates  must  be  such  as  to  admit  of  severe  bending, 
to  enable  the  joints  and  seams  of  such  ware  to  be  executed ;  for  this 
purpose  the  very  best  charcoal-iron  was  used ;  this  is  now  replaced  by 
steel  plates,  of  which  we  have  samples  from  Landore  before  us. 

Beverting  to  that  branch  of  modem  steel  manufacture,  the  casting 
by  the  Kiepe  process,  we  find  that  screw-propeller  blades,  church 
bells,  large  toothed  wheels,  and,  indeed,  every  conceivable  thing  in 
which  great  strength  is  demanded,  can  be,  an4  is  already,  to  a  large 
extent,  made  in  steel.  Looking  at  these  multifarious  uses,  it  appears 
to  me  that  the  future  of  steel  is  assured. 

To  test  the  extent  of  this  future,  let  us  ask  ourselves  this  question, 
For  what  purpose  to  which  wrought  iron  is  now  applied  may  steel 
not  be  beneficially  substituted  ?  for  that  is  the  shortest  way  of  taking 
it.  Well,  it  may  be  said  that  for  these  purposes,  where  welding  is 
absolutely  necessary,  steel  welds  badly.  This  is  really  not  the  case. 
It  does  not  weld  badly,  although  I  admit  that  up  to  the  present  time 
it  does  not  weld  with  Uie  same  fctcility  as  does  wrought  iron.  But  it 
does  weld,  and  thorouglily.  Is  it  desired  to  have  toughness?  We 
have  got  it.  Twenty  per  cent,  of  extension  in  such  samples  as  these. 
Is  it  desired  to  have  enormous  tenacity  ?  We  have  got  it  Fifty  tons 
to  the  inch  in  such  samples  as  these,  over  100  tons  in  the  case  of  wire. 
Is  it  desired  to  have  homogeneous  character  ?  and  most  certainly  that 
is  much  to  be  desired.  See  what  has  happened  to  the  split-up  iron 
rail.  See  what  has  happened  to  the  shelly  boiler-plate.  Then  tbis 
material,  steel,  which  has  been  in  fusion,  has  got  that  homogeneous 
character  in  perfection.  Is  it  desired  to  have  certainty  of  manufeu:- 
ture  ?  We  have  now  got  that.  Once  more  you  may  say,  without  fear 
of  contradiction,  ^  As  true  as  steeL"  Ton  may  rely  on  it  for  every 
purpose  for  which  you  intend  to  use  it.  Is  it  desired  to  have  cheap- 
ness ?    We  have  got  that.      Strength  for  strength,  steel  is  now  as 
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cheap  or  cheaper  than  wronght  iron.  Under  these  circnmstances  I 
cannot  see  how,  for  these  great  and  important  uses,  wrought  iron  is  to 
hold  its  own.  It  demands  a  more  expensive  process  of  manoflEustare, 
involying  more  manual  labour,  more  fuel,  and  more  skill  than  the 
manufacture  of  steel  by  the  Siemens  process,  and  it  is  far  more  un- 
certain in  its  result.  But  at  present  it  is  possible  to  use  ores  for  the 
purpose  of  making  wrought  iron,  which  cannot  be  employed,  so  fear  as 
chemical  knowledge  yet  guides  us,  for  the  making  of  steel,  although 
even  such  ores,  when  passed  through  a  preparatory  process,  may 
advantageously  be  converted  into  steel.  I  do  not  say  that  the  manu- 
facture of  wrought  iron  by  the  puddling  process  will  absolutely  cease, 
even  if  chemistry  should  teach  us  how  to  utilise  all  kinds  of  ore  in 
the  steel  manufeu^ture.  I  think  the  village  blacksmith  style  of  forging 
(the  handicraftsman)  will  always  keep  up  a  petty  demand  for  puddled 
wrought-iron ;  for  that  material  can  be  brought  into  a  very  plastic 
condition,  and  one  much  more  amenable  to  treatment  by  the  hand 
hammer  than  is  the  material  steel.  Moreover,  as  I  have  said,  wrought 
iron  welds  with  great  facility.  But  for  all  the  great  purposes,  in  my 
opinion  it  will  not  be  many  years  before  the  puddled  wrought-iron 
manufacture  will  be  an  extinct  industry,  and,  except  for  the  petty 
purposes  I  have  mentioned,  iron  will  be  used  in  only  two  forms, 
cast  iron,  which  will  be  retained  for  those  purposes  where  massiveness 
is  required,  as  in  the  case  of  bridges  having  good  foundations,  where 
pressure  only  has  to  be  exerted,  as  upon  columns,  and  where  complex 
outlines  and  ornamentation  are  required,  as  in  castings  for  railings 
and  matters  of  that  kind. 

I  have  before  me  a  beautiful  specimen  of  art  work,  work  in  cast 
iron,  which  is  typical  of  a  domain  of  cast  iron  proper,  that  of  ornamen- 
tation, which,  I  believe,  will  never  be  invaded  by  steel.  Messrs. 
Barnard,  Bishop,  and  Barnard,  of  Norwich,  the  makers  of  the  Sand- 
ringham  gates,  the  Norwich  gates  of  the  1862  Exhibition  (which  gates 
were,  however,  all  of  wrought  iron),  have  at  my  request  sent  me 
samples  of  foliage  executed  in  malleable  cast-iron,  wherein  is  com- 
bined the  facility  of  original  manufeKiture  due  to  a  fluid  metal, 
coupled  with  the  endurance  arising  from  the  toughness  of  wrought 
iron,  and  united  also  with  the  power  of  varying  the  form  of 
the  cast  foliage  at  the  will  of  the  artist  by  bending.  For  such 
purposes  as  these  cast  iron  will  remain.  Wrought  iron,  as  I  have 
said,  except  for  the  village  blacksmith's  purposes,  and  except  it  be  to 
utilise  iron  ores  which  at  the  present  time  we  do  not  know  how  to 
make  into  steel,  is,  I  believe,  doomed.  The  Future  of  Steel,  there- 
fore, in  my  view,  is  practically  the  occupation  of  the  whole  province 
that  was  previously  filled  by  steel  and  by  wrought  iron ;  and  further, 
that  part  of  the  province  of  cast  iron,  such  as  toothed  wheels  and 
castings  of  that  kiud,  where,  to  give  adequate  strength,  wrought  iron 
would  have  been  used  had  not  the  complexity  of  the  form  prohibited 
its  employment,  but  where  now,  thanks  to  Riepe's  patent,  steel  may 
be  melted  and  made  to  flow  into  the  desired  shapes. 

r  F  J  B 1 
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in  the  Chair. 

John  Flbtohbb  Moulton,  Esq.  M.R.I. 

Matter  and  Eilier. 

All  are  familiar  with  the  process  by  which  the  discovery  of  the  laws 
that  goyem  phenomena  is  effected.  Close  study  of  various  instances 
of  some  one  phenomenon,  with  their  general  likeness  and  their 
individual  peculiarities,  leads,  either  by  the  slow  process  of  trial  and 
error  or  by  some  happy  guess,  to  the  discovery  of  the  law  to  which 
the  observed  variations  all  conform.  When  this  is  once  ascertained, 
the  whole  group  of  phenomena  fall  into  harmony,  and  instead  of  a 
mass  of  separate  observations,  science  seems  but  the  exemplification 
of  a  single  law.  This  step  in  the  simplification  and  unification  of 
nature  taken,  the  human  mind  is  free  to  seek  further  conquests.  But 
great  as  is  the  advance  made  by  such  a  step,  the  mind  cannot  rest 
content  with  it.  The  dry  mathematical  expressions  which  we  know 
as  the  laws  of  nature,  are  soon  felt  to  assuage  scientific  curiosity  to  a 
very  imperfect  degree.  No  sooner  have  we  discovered  the  law  that 
governs  any  set  of  phenomena,  than  we  are  irresistibly  drawn  to  ask 
file  question,  How  comes  it  that  this  is  the  goveraing  law  ?  of  what 
set  of  hidden  causes  is  it  the  outcome  ?  And  thus  we  are  led  to  seek 
for  the  mechanism  of  nature  and  to  find  the  physical  causes  of  its 
laws.  Nay,  we  go  farther ;  we  cannot  be  content  till  we  discover  the 
nature  and  properties  of  the  subject  matter  of  its  phenomena,  and  can 
deduce  from  these  the  previously  discovered  laws  as  necessary  con- 
sequences. And  the  complete  realization  of  one  part,  at  least,  of  this 
search,  is  not  beyond  the  bounds  of  possibility.  It  probably  will 
some  day  be  known  to  the  human  race  that  the  whole  of  nature  is  but 
the  manifestation  of  a  very  few  distinct  physical  existences,  possessed 
of  known  properties  of  so  simple  a  kind  and  so  universal  in  their 
presence  that  experience  can  never  enable  us  to  analyze  them  farther. 
The  possible  forms  assumed  by  these  elements  will  be  deducible  from 
their  properties ;  and  the  more  complex  laws  that  will  regulate  the 
behaviour  of  the  resulting  substances,  will  be  problems  determinable 
firom  their  known  structure.  Thus  all  nature  will  be  theoretically 
the  resultant  of  the  interaction  of  known  agencies,  and  the  solution 
will  be  complete,  even  though  the  stupendous  difficulties  of  the  analysis 
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nocessary  to  deduce  tlie  laws  of  even  the  more  simple  phenomena 
from  the  properties  of  these  elements  should  compel  the  men  of  that 
far  distant  future  to  arrive  at  laws  by  induction  from  experiment,  just 
as  we  do  now  already  in  the  simplest  of  all  sciences — astronomy.  In 
this  science,  the  phenomena  of  which  are  due  to  only  four  laws,  each 
of  which  is  capable  of  statement  in  most  simple  terms,  the  complexity 
of  the  analysis  well-nigh  drives  astronomers  to  abandon  calculation 
for  observation,  in  the  more  delicate  refinements  of  accuracy  in  which 
they  indulge.  Similar  considerations  will  always  operate  to  keep 
distinct  the  sciences  that  deal  with  distinct  classes  of  phenomena,  long 
after  it  has  become  a  recognized  truth  that  they  are  all  the  more  or 
less  complex  manifestations  of  some  few  known  elemental,  physical 
existences.  And  certainly  no  considerations  of  the  limits  of  possible 
success  can  avail  to  destroy  the  fascination  of  researches  into  the 
ultimate  constitution  of  the  existences  of  which  nature  is  built  up — the 
minute  anatomy  of  the  universe. 

But  although  investigations  of  this  nature  are  so  interesting,  and 
promise  not  only  success,  but  success  of  the  highest  order,  and 
although  the  interest  of  the  research  is  common  to  the  devotees  of 
every  science,  inasmudh  as  it  deals  with  that  which  underlies  them 
all,  it  is  most  remarkable  that  so  little  advance  has  been  made  in  this 
direction.    And  not  only  is  it  the  case  that  we  are  compelled  to  admit 
that  our  ignorance  of  the  ultimate  constitution  of  matter  is  well-nigh 
as  dense  now  as  it  ever  was,  but  if  we  examine  the  attempts  at 
solving  the  problem,  hitherto  made,  they  strike  us  at  once  as  having 
the  strangest  characteristics.     While  in  most  of  the  other  regions  of 
research    the  results  of   all  investigators  have  a    certain    family 
likeness,  and  the  theories  they  propose — though  perhaps  mutually 
exclusive — have  many  points  in  common,  yet  here  we  find  that  the 
different  solutions  proposed  have  the  wildest  dissimilarity,  and  many 
of  them  present  so  fantastic  an  appearance,  that  it  is  difficult  to 
believe  that  they  are  the  productions  of  the  sober  investigators  whoso 
names  they  beur.    We  are  too  apt  to  pass  lightly  over  the  lesson 
taught  us  by  the  contemporaneous  existence  of  the  corpuscular  and 
the  undulatory  theories  of  light.     That  two  theories  so  diametrically 
opposite  in  nature,  hypothesizing  such  utterly  different  constructions 
and  properties  of  matter,  could  at  a  time  not  so  very  long  past  have 
been  considered  as  possessing  tolerably  equal  claims  to  acceptance, 
opens  up  a  vista  of  ignorance  as  to  the  ultimate  constitution  of  matter 
which  is  very  humiliating.     Nor  will  it  suffice  to  say  that  those  were 
the  days  when  true  science  was  in  its  infancy.     Though  the  dispute 
between  the  two  theories  of  light  was  speedily  settl^  by  the  com- 
plete defeat  of  the  corpuscular  theory,  and  our  ignorace  of  the  real 
mechanism  that  produces  and  transmits  light  was  rendered  thereby 
less  total — in  fact  we  may  say  that  it  was  so  far  dispelled  that  only 
those  capable  of  thoroughly  understanding  the  subject,  can  feel  the 
difficulties  and  imperfections  of  the  accepted  theory — yet  similar 
struggles  are  still  going  on  in  other  kindred  subjects,  and  for  them 
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no  such  exonse  can  be  pleaded.  Take,  for  instance,  electricity  and 
magnetism.  Oar  knowledge  of  their  phenomena  is  extraordinarily  wide ; 
snch  a  book  as  Wiedemann's  *  Galvanismns '  shows  an  accamnlation  of 
observations  on  one  simple  branch  of  the  subject  that  can  scarcely  be 
paralleled  in  any  other  science.  Tet  if  we  look  at  the  rival  theories 
as  to  the  nature  of  electricity,  and  its  connection  with  matter,  they 
seem  so  grotesque  and  so  dissimilar — so  like  mere  guesses  in  short — 
that  we  can  scarcely  help  fancying  that  we  are  back  in  the  days  of 
Lucretius,  when  the  best  qualification  for  being  a  philosopher  was  to 
be  an  imaginative  poet  And  indeed  in  fertility  of  imagination,  the 
authors  of  such  theories  as  those  to  which  we  are  referring  seem  not  un- 
worthy rivals  of  the  Boman  poet,  and  they  make  similar  demands  on 
our  powers  of  belief.  Weber  and  Ampere's  ideas  of  magnetism  being 
caused  by  each  molecule  of  maiter  having  its  own  special  electrio 
current  circulating  round  it  everlastingly ;  Poisson's  idea  that  it  is 
caused  by  each  molecule  being  permeated  by  two  mutually  neu- 
tralizing fluids,  capable  of  being  separated  by  external  attraction,  but 
incapable  of  being  removed  from  the  molecule  ;  the  rival  theories  of 
two  fluids,  of  one  fluid,  and  of  no  fluid,  in  electricity,  the  numerous 
theories  as  to  the  nature  of  the  luminiferous  ether  and  its  relation  to 
matter,  and  the  vortex  theory  of  atoms,  suffice  to  show  that  no 
effective  check  has  as  yet  been  placed  on  the  free  use  of  the  imagina- 
tion in  this  department  of  research,  and  seem  to  give  some  colour  to 
the  suggestion  that  the  intolerance  of  credulity,  professed  by  men  of 
science,  is  easily  relaxed  by  them  in  favour  of  their  own  pet 
theories. 

The  chief  and  immediate  cause  of  this  is  not  far  to  seek.  Any 
attempt  to  arriye  at  the  hidden  mechanism  which  causes  a  pheno- 
menon, must  be  a  direct  reflex  of  the  knowledge  and  the  ignorance  of 
the  age  in  which  it  is  made.  Let  us  take  the  case  of  some  ingenious 
machine  performing  some  known  operations.  If  a  person  wholly 
ignorant  of  mechanism,  save  so  far  as  the  objects  of  common  life  teach 
it  to  intelligent  observers,  were  to  attempt  to  solve  the  problem  of  its 
construction,  he  would  seek  for  some  arrangement  of  levers  or  other 
mechanical  appliances  of  the  simplest  and  most  elementary  nature, 
which  would  give  the  desired  result.  If  a  mechanician  were  to  apply 
himself  to  the  same  problem,  he  would  have  present  to  his  mind  all 
the  refinements  of  mechanical  science,  and  would  probably  arrive  at 
a  solution,  no  portion  of  which  would  resemble  the  one  composed  of 
the  simpler  elements,  while  his  might  in  no  respect  resemble  that 
which  would  be  arrived  at  by  one  who,  in  addition  to  possessing  a 
knowledge  of  mechanism,  was  also  a  skilled  electrician.  Each  of  the 
solutions  would  consist  of  the  elements  which  the  experience  and 
knowledge  of  the  maker  enabled  him  to  use,  and  there  would  be  no 
probability  of  any  of  them  representing  the  actual  construction  of  the 
machine  in  question,  unless  the  artifices  used  in  its  construction  were 
such  as  were  known  to  some  of  the  persons  who  were  thus  attempting 
to  reconstruct  it.     Just  so  is  it  wiUi  the  attempts  we  make  to  arrive 
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at  the  mechanism  of  nature.  They  are  charged  to  the  full  with  oar 
ignorance.  If  wo  happen  to  be  acqoainted  with  stractore  simihir  to 
the  actual  structure  sought  for,  then  success  is  possible,  and  some 
discoverer  will  in  all  probability  arrive  at  a  close  approximation  to 
the  real  state  of  things.  If  we  do  not,  then  all  our  efforts  will  but 
lead  us  to  the  discovery  of  9^  passible  mechanism — one  which  might  cause 
the  phenomenon,  but  which  is  not  the  one  which  actually  does  cause  it ; 
and  with  this  we  must  rest  content,  till  in  some  way  or  other  our  know- 
ledge of  possible  elements  of  construction  is  widened,  when  we  may 
return  again  to  the  problem  and  find  a  new  solution,  which  may  in 
its  turn  have  to  be  replaced  by  future  ones.  Take,  for  example,  the 
question  of  the  structure  of  matter.  Matter  was  known  to  move  with 
little  or  no  resistance  through  the  ether,  to  attract  other  matter,  to  be 
capable  of  great  complexity  in  its  nature,  inasmuch  as  the  light  pro- 
ceeding from  elements,  when  in  a  state  of  incandescent  gas,  shows  that 
they  are  capable  of  a  large  number  of  fundamental  vibrations.  To 
explain  all  this  many  most  ingenious  hypotheses  were  devised,  both 
as  to  ether  and  matter ;  molecules  or  atoms  were  viewed  as  complex 
arrangements  of  parts  vibrating  or  revolving  under  their  mutual 
attractions.  Ether  was  made  an  imponderable.  Space  was  filled  with 
ultra-mundane  corpuscles,  which,  by  their  perpetual  rain  on  all  masses 
of  solid  matter,  caused  the  phenomenon  of  gravitation.  At  length 
Helmholts  discovered  vortex-motion.  Vortex-rings  were  found  to 
move  with  little  or  no  resistance  in  the  medium,  whether  fluid  or 
gaseous,  in  which  they  were  formed;  they  were  sensible  of  the 
presence  of  one  another  though  not  in  contact ;  they  were  capable  of 
being  made  to  have  the  most  intricate  forms,  and  to  take  up  tlie  most 
complicated  systems  of  vibrations.  Instantly  a  vortex-theory  of  matter 
was  devised,  which  has  very  much  to  recommend  it,  and  which  is  at 
present  the  one  in  highest  favour.  But  just  as  it  was  only  rendered 
possible  by  Helmholtz's  discovery  of  the  new  form  of  motion  after 
which  it  is  named,  so  it  may  in  its  turn  have  to  give  way  to  other 
theories  ^hich  enlarged  knowledge  shall  have  enabled  us  to  suggest. 
The  difficulty  at  once  suggests  itself,  that  if  wo  admit  that  these 
theories  as  to  the  actual  mechanism  of  nature  are  so  intimately 
dependent  on  the  state  of  the  ignorance  or  knowledge  in  which  we 
are  when  they  are  framed,  how  can  it  be  right  to  attach  any  credence 
to  them  ?  How  can  we  believe  a  theory  at  the  same  time  that  we 
admit  that  it  will  be  probably  displaced  by  another  and  a  different 
one  which  will  have  at  least  as  high  claims  to  our  belief?  Science 
would  at  once  lose  aU  claim  to  be  oalled  the  strictest  school  of  belief, 
if  it  countenanced  any  such  moral  gymnastics  as  a  belief  which  oonld 
thus  co-exist  with  disbelief.  And  yet  so  great  is  the  assistance 
derived  from  a  well-constructed  theory  as  to  the  mechanism  producing 
phenomena,  that  she  cannot  afford  to  allow  all  efforts  at  solving  such 
problems  to  be  delayed  until  there  comes  a  stage  of  such  perfect  know- 
ledge, that  the  mind  might  claim  to  be  capable  of  pronouncing  on 
them  with  certainty — if  indeed  such  a  time  could  ever  come.    So  she 
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boldly  &oe8  the  diffionltj  of  which  we  have  spoken — ^the  difficulty  of 
showing  any  other  choice  open  to  scientific  men,  than  either  to  be 
crednloQs  or  to  be  timid — by  distinctly  recognizing  a  class  of  scien- 
tific fictions,  or,  as  they  are  usually  called,  hypotheses.  These  are 
theories  as  to  the  mechanism  of  nature  which,  either  completely  or 
to  a  great  extent,  account  for  some  set  of  phenomena,  and  which 
therefore,  so  fur  as  our  knowledge  goes,  may  correctly  describe  the 
whole  or  some  part  of  the  actual  cause  of  the  phenomena,  i.  e.  the 
mechanism  that  produces  them. 

Nothing  is  more  important  in  scientific  thought  than  to  dis- 
tinguish between  these  hypotheses  and  laws.  The  discoverer  of 
laws  has  nothing  to  do  with  actual  causes.  He  only  notices  and 
formulates  connections  and  relations  between  phenomena,  and  these 
formulations  are  laws.  So  feur  as  the  law  is  concerned,  it  is  im- 
material whether  the  one  of  two  connected  phenomena  is  the  cause 
or  the  effect  of  the  other,  or  whether  the  relation  between  them 
arises  from  their  being  both  connected  with  a  third  phenomenon  ; 
the  law  is  equally  true  in  all  cases.  So  long  as  tiie  induction 
which  has  led  to  it  has  been  duly  and  carefully  performed,  it  is  true 
and  will  never  be  displaced  or  superseded,  however  mistaken  were  the 
ideas  which  its  framer  possessed  of  the  nature  or  causes  of  the  pheno- 
mena to  which  it  relates.  Newton  was  quite  right  when  he  said, 
hypotheses  non  Jingo  ;  for  the  portion  of  his  great  achievements  to  which 
he  was  referring  consisted  in  the  demonstration  of  the  existence  of 
certain  laws,  and  not  in  the  explanation  of  their  causes.  But  he,  as 
well  as  all  other  great  men  of  science,  when  the  right  time  came,  was 
ready  to  frame  hypotheses,  to  start  these  scientific  fictions,  which  were 
to  be  thankfully  received,  studied,  tested,  respected,  worked  from,  and 
in  short,  everything  but  actually  believed  in.  And  he  least  of  all 
would  have,  on  the  one  hand,  despised  these  tentative  solutions,  or,  on 
the  other  hand,  lightly  believed  in  their  truth.  The  whole  of  his 
work  shows  that  he  appreciated  the  full  value  of  hypotheses,  a  value 
which  it  is  difficult  to  express  clearly,  but  which  every  learner  or 
teacher  of  science  feels  only  too  keenly.  For,  without  some  guiding 
idea  as  to  the  nature  and  causes  of  phenomena,  the  mind  is  very 
sluggish  in  devising  good  methods  of  investigation ;  but  so  soon  as  a 
good  hypothesis  has  been  formed,  it  is  so  suggestive  of  fields  of 
research  and  of  experiments,  that,  whether  it  be  true  or  fiJse,  there 
follows  an  immediate  and  rapid  increase  of  knowledge.  For  a  hypo- 
thesis may  be  a  good  one  without  being  a  true  one.  It  may  render 
the  greatest  assistance  to  the  mind,  it  may  be  so  well  chosen  that  it 
accounts  for  kindred  phenomena,  not  known  at  the  time  when  it  was 
first  suggested,  it  may  lead  to  the  discovery  of  new  laws,  and  it  may 
enable  calculations  to  be  made  which  are  of  the  highest  value,  and  yet 
it  may  turn  out  to  be  radically  false.  Even  the  theory  that  heat  was 
an  imponderable  fluid,  might  put  forth  a  strong  claim  to  our  gratitude 
for  the  assistance  it  gave  to  early  discoveries.  To  be  thus  useful  for 
a  time,  it  is  not  necessary  that  the  assigned  mechanism  should  be  the 
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tme  one,  but  only  that  the  laws  that  reenlt  from  its  stractore  shonld 
closelj  correspond  with  the  more  potent  of  the  laws  that  actuallj 
direct  the  observed  phenomena.  And  jast  as  this  is  all  that  a  hypo- 
thesis need  do,  so  is  it  all  that  its  success  entitles  us  to  believe  that  it 
is  doing ;  and  the  trae  scientific  attitude  of  mind  towards  hypotheses 
is  to  recognize  them  as  describing  causes  which  would  produce  results 
similar  to  those  observed,  and  which,  if  not  truly  representing  the 
mechanism  which  actually  causes  the  results,  at  all  events  would 
produce  results  governed  by  the  same  laws. 

How  then  are  we  to  take  the  further  step  of  selecting  fr^m 
amongst  those  rival  hypotheses,  each  of  which  professes  to  give  some 
mechanism  able  to  produce  a  particular  set  of  phenomena,  the  one 
that  actually  represents  the  mcKshanism  by  which  the  phenomena  are 
in  fEMst  produced?  This  is  the  most  serious  and  the  most  difficult 
step  in  discoveiy.  And  yet,  at  first  sight,  considering  how  complex 
are  the  phenomena  that  have  to  be  explained,  it  would  seem  that  any 
theory  that  succeeded  in  accounting  for  even  a  portion  of  them  must 
be  very  near  to  the  truth  ;  and  it  is  so  usual  to  consider  that  this  is  the 
final  and  sufficient  test  of  the  claims  of  a  hypothesis,  viz.  that  it 
should  suffice  to  account  for  the  phenomena,  that  when  they  are  very 
complex  it  is  often  considered  a  more  than  sufficient  test,  and  the 
hypothesis  is  accepted  in  spite  of  its  being  in  many  respects 
undeniably  deficient.  But,  in  fact,  so  soon  as  we  begin  to  apply 
ourselves  seriously  to  the  problems  of  the  constitution  of  matter — 
the  hidden  mechanism  of  nature — we  are  forced  to  abandon  in  great 
measure  all  such  ideas.  For  we  find  that  we  have  no  true  measure  of 
complexity.  From  one  single  simple  law  will  follow  the  most  various 
and  complex  results,  and  hence  any  mechanism  so  designed  as  to 
exemplify  in  its  results  the  working  of  that  single  law  would,  under 
such  a  canon  as  the  one  just  referred  to,  be  able  to  claim  as  evidence  of 
its  truth  all  the  complexity  which  follows  from  that  law.  Tet  such 
evidence  would  equally  avail  to  support  the  claims  of  any  other 
mechanism,  whose  results  similarly  obeyed  that  law,  and  of  such 
mechanisms  there  might  be  many.  This  has  been  often  exemplified 
in  the  history  of  science.  The  truth  of  a  hypothesis  has  appeajred  to 
be  sufficiently  demonstrated  by  the  manner  in  which  it  fully  accounted 
for  complex  phenomena,  and  it  has  been  accepted  as  a  physical  truth 
on  such  grounds,  until  some  other  hypothesis  has  been  shown  equally 
capable  of  accounting  for  them;  and  the  success  of  both  has  been 
subsequently  traced  to  their  alike  leading  to  results  that  were 
obedient  to  some  one  fundamental  law,  to  the  working  of  which  the 
whole  of  the  observed  complexity  was  due.  In  the  history  of  such 
deep-reaching  principles  as  that  of  the  Conservation  of  Energy  this 
has  been  a  conunon  occurrence ;  but  other  instances  are  not  wanting. 
After  Sir  W.  K.  Hamilton  had  deduced  theoretically  from  Fresnel's 
Theory  of  Light,  that  in  biaxal  crystals  there  must  be  internal  and 
external  conical  refraction,  and  their  existence  had  been  thereupon 
experimentally  demonstrated  by  Dr.  Lloyd,  one  might  well  have  fancied 
that  the  accuracy  of  so  remarkable  a  prognostication  was  sufficient 


Digitized  by  VjOOQIC 


1877.]  an  Matter  and  Ether.  841 

to  establish  Fresners  Theory  in  all  its  details.  Tet  a  theory  framed 
by  Cauchy,  which,  though  in  many  respects  similar  to  Fresnel's 
Theory,  is  yet  in  fact  wholly  irreconcilable  with  it,  was  subsequently 
found  to  account  equally  for  the  phenomena ;  and  it  is  probable  that 
any  theory  of  undulatory  transmission  in  a  non-isotropio  medium 
might  be  made  to  do  the  like.  In  fact,  we  can  express  in  abstract, 
language  the  weakness  of  the  canon  which  would  make  the  accept* ' 
anoe  of  a  theory  follow  from  its  success  in  explaining  complex 
phenomena,  by  saying  that  to  render  the  canon  a  good  one,  com- 
plexity must  be  measuSred,  not  by  the  apparent  intricacy  of  the  result- 
ing phenomena,  or  the  apparent  difficulty  of  accounting  for  them,  but 
by  the  number  of  independent  laws  by  which  the  phenomena  are 
governed,  and  which  are  successfully  accounted  for  by  the  proposed 
mechanism.  And  as  we  are  seldom  in  a  position  to  pronounce  on  the 
question  of  the  independence  of  the  laws  that  govern  a  set  of 
phenomena,  i.e.  as  to  whether  they  are  all  traceable  to  a  very  few 
fundamental  laws  or  not,  we  are  seldom  able  to  estimate  the  complexity 
of  those  phenomena  in  the  way  that  would  alone  justify  us  in  taking 
it  as  sufficient  warrant  for  the  acceptance  of  a  successful  hypothesis. 

Nor  is  this  the  only  one  of  the  well-tried  and  approved  canons  of 
discovery  that  fails  us  when  we  are  engaged  in  researches  in  the 
unknown  land  of  the  ultimate  constitution  of  that  of  which  the 
universe  is  composed.  There  is  no  principle  which  is  more  con- 
stantly present  to  the  mind  of  the  scientific  investigator  in  his  search 
for  the  causes  of  phenomena  than  that  of  simplicity.  Wondrously 
complex  as  are  the  processes  that  are  going  on  all  around  us  in 
nature — so  apparently  complex  that  the  untaaght  mind  has  in  all 
ages  sought  to  ascribe  them,  in  a  greater  or  less  degree,  to  conscious- 
ness and  volition  resident  in  the  things  themselves,  or  in  beings 
possessing  the  power  to  direct  them — science  has  so  often  found 
that  these  highly  complex  results  come  from  the  very  simplest  causes, 
that  the  investigator  expects  to  find  simplicity  in  his  results,  and 
naturally  inclines  to  believe  that  explanation  to  be  the  true  one  which 
accounts  in  the  most  simple  manner  for  the  observed  phenomena. 
This  has  been  advanced  by  some  persons  almost  to  the  dignity  of  a 
law  of  thought,  and  the  mind  is  considered  by  them  to  be  constrained 
to  believe  in  the  truth  of  the  simplest  hypothesis  that  explains  a  set 
of  phenomena  to  the  exclusion  of  all  more  complex  ones. 

It  is  not  very  easy  satisfactorily  to  account  for  the  undoubted  value 
of  this  canon,  viz.  that  the  simplest  hypothesis  is  probably  the  true 
one.  That  there  can  be  any  truth  in  it  in  its  abstract  form  (as  is 
generally  understood)  is  not  probable.  There  is  no  reason  to  think 
that  nature  has  any  preference  for  simplicity  over  complexity,  if 
indeed  it  is  possible  to  attach  any  meaning  to  such  phrases.  The 
deeper  our  knowledge  becomes,  the  greater  the  complexity  that 
confronts  us,  and  the  fainter  our  hope  of  finding  that  the  ultimate 
solution  will  be  a  simple  one.  It  is  probable  that  much  of  the  value 
of  the  canon  arises  from  the  fftct  that  the  simpler  hypothesis  will  in 
general  be  the  one  that  supposes  the  concurrent  action  of  the  fewest 
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independent  causes ;  and  it  is,  of  course,  more  probable  that  a  smaller 
ntimber  of  independent  canses  should  co-operate  than  that  a  larger 
number  should  do  so.  But  the  Talue  of  the  canon  mainly  lies  in  the 
view  which  the  mind  instinctiyely  takes  of  simplicity.  That  is  to  us 
simple  which  is  the  result  of  means  and  processes  to  which  we  are 
thoroughly  accustomed,  and  with  the  results  of  which  we  are  fully 
familiar.  Operations  the  most  complex  in  their  nature  are  often 
felt  to  be  simple,  and  scarcely  to  need  any  explanation,  solely  because 
they  are  so  common.  It  seems,  for  instance,  almost  superfluous  to 
invent  elaborate  mechanism  to  account  for  such  simple  phenomena  as 
evaporation  or  weight  And  thus  a  hypothesis  which  is  felt  to  be 
simple  is  usually  one  which  traces  the  phenomena  to  the  action  of 
causes  with  which  we  are  very  feuniliar,  i.  e.  ^which  are  constantly  at 
work  around  us,  and  which  are  therefore  just  the  causes  that  are  the 
most  probable. 

From  such  considerations  we  at  once  see  how  useless  must  the 
canon  of  simplicity  be  to  us  when  investigating  the  ultimate  consti- 
tution of  the  materials  of  which  the  universe  is  built  up.  For,  in  the 
first  place,  we  have  little  or  nothing  to  guide  us  as  to  the  probability 
of  the  concurrence  of  di£ferent  causes  in  this  unknown  region,  and 
secondly,  a  thing  which  is  of  infinitely  greater  moment,  we  are  abso- 
lutely ignorant  (save  in  one  or  two  isolated  points)  of  the  types  of 
structure  and  action  that  we  may  expect  to  find  commonly  exem- 
plified therein.  For  in  seeking  to  determine  the  ultimate  constitution 
of  matter  and  ether,  and  of  all  that  directly  or  indirectly  acts  upon 
them,  we  are  going  beyond  all  the  phenomena  with  which  we  have 
been  rendered  familiar  by  observation,  whether  general  or  special,  and 
we  are  occupied  in  ascertaining  the  mechanism  by  which  matter  and 
ether  are  enabled  to  produce  the  phenomena  we  see.  Now,  of  this  we 
have  no  previous  experience,  and  it  cannot  be  too  distinctly  kept  in 
mind  that  where  there  is  no  experience  there  is  absolute  ignorance. 
In  the  world  around  us  we  see  only  the  aggregate  results  of  infinitely 
numerous  separate  actions,  none  of  which  are  simply  cognizable  by 
our  senses  or  our  instruments.  Every  experience  of  matter  that  we 
have  in  mechanics  is  of  matter  acting  in  masses.  Chemistry  and 
physics  give  us  certain  phenomena,  caused  doubtless  by  a  more  inti- 
mate action  of  matter  upon  matter,  but  the  results  are  only  known  to 
us  in  gross;  and  even  if  we  assume  that  the  process  is  uniform 
throughout,  it  is  only  the  result  of  that  process  that  we  see,  and  its 
nature  is  wholly  concealed  from  our  view.  Similar  remarks  apply  to 
the  other  branches  of  science.  Nowhere  do  we  get  any  direct  infor- 
mation as  to  the  nature  or  details  of  these  processes,  or  as  to  the 
mechanism  by  which  they  are  rendered  possible,  and  thus  we  nowhere 
get  any  knowledge  of  the  types  of  mechanism  that  we  may  expect  to 
find  at  work.  It  is  true  that  in  all  action  of  matter  upon  matter  we 
see  that  certain  laws  are  universally  obeyed.  But  all  that  this  enables 
us  confidently  to  enunciate  is,  that  the  nature  of  matter  mnst  be  such 
that  when  matter  acts  upon  matter  in  appreciable  quantities,  such  and 
such  laws  obtain.  We  are  not  even  justified  in  asserting  that  the  most 
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muTersal  of  these  laws  must  necesaarily  hold  good  in  the  case  of  the 
separate  actions  of  which  the  aggregate  is  made  np.*  Still  less  are 
we  in  a  position  to  say  that  one  hypotibesis  is  to  he  preferred  to  another, 
because  it  hypothesizes  only  such  types  of  stractnre  or  action  as  we 
are  familiar  with  in  onr  experience  of  the  world  of  visible  phenomena. 
It  is  scarcely  too  much  to  say  that  at  present  onr  ignorance  of  the 
ultimate  constitntion  of  matter  is  such  that  no  one  suggested  structure 
ought  to  be  viewed  by  us  as  being  in  itself  more  simple  or  more 
probable  than  another. 

Unable  then  to  use  these  canons  in  their  ordinary  form,  we  are 
driven  back  to  the  truths  that  underlie  them.  It  is  true  that  we 
cannot  rightly  judge  of  the  value  of  success  in  explaining  the  complex 
behaviour  of  matter  as  a  test  of  the  truth  of  a  hypothesis.  And  it  is 
also  true  that  we  cannot  directly  judge  whether  the  causes  we  propose 
to  assign  for  that  behaviour  are  probable  ones.  But  out  of  the  com* 
bined  effect  of  the  two  there  arises  a  third  canon  of  the  highest  valae, 
specially  adapted  to  meet  the  peculiar  difficulties  of  the  task.  It 
may,  perhaps,  be  expressed  by  saying  that  the  probability  of  the  truth 
of  a  suggested  hypothesis,  as  to  the  constitution  of  matter  or  the 
nature  and  mode  of  transmission  of  its  actions  on  other  matter,  is 
measured  by  the  dissimilarity  of  the  phenomena  explained  by  it.  So 
long  as  the  hypothesis  satisfactorily  accounts  for  but  one  class  of 
kindred  phenomena,  no  matter  how  complex  they  may  be  and  how 
satisfactorily  it  may  aocount  for  them,  its  truth  must  still  remain  in 
doubt,  inasmuch  as  from  onr  ignorance  we  are  unable  to  say  how  much 
is  denoted  by  that  success,  in  other  words,  how  far  such  success  may 
be  due  to  these  phenomena  being  necessary  consequences  of  but  very 
few  laws,  or  even  of  a  single  one.  But  if  the  same  hypothesis  explains 
phenomena  of  a  wholly  different  character  to  those  which  suggested 
it,  and  which  so  fEu:  as  we  can  judge  have  no  direct  connection  with 
them,  then  we  are  justified  in  accepting  the  hypothesis  as  a  genuine 
contribution  to  our  knowledge  of  natura 

This  will  be  rendered  clearer  by  an  example.  Take  as  an  instance 
what  is  probably  the  most  successful  attempt  that  has  yet  been  made 
to  penetrate  the  darkness  that  Burrounds  the  constitution  of  matter. 
Long  ago,  in  order  to  explain  the  phenomena  of  combining  pro- 
portions in  chemistry,  the  hypothesis  was  framed  that  every  element 
or  chemical  compound  consisted  of  small  atoms  or  molecules  of 
definite  size,  constitution,  and  weight,  and  that  the  process  of 
chemical  combination  consisted  in  the  building  up  of  new  compound 

*  This  is  no  idle  refinement.  No  law  would  seem  to  be  more  absolutely  with- 
out exception  than  that  heat  of  itself  tends  to  pass  from  a  hot  body  to  a  cold  body, 
i.  e.  that  heat  tends  towards  an  equalization  of  temperature.  Tet  this  has  been 
shown  to  depend  in  some  insttinees  rather  upon  the  law  of  averages  than  on  the 
fundamental  laws  of  energy,  and  to  be  inapplicable  to  the  action  of  single  mole- 
cules; and  it  is  not  impossible  that  we  might  be  driven  to  take  a  similar  view  of 
such  a  law  as  that  of  the  conservation  of  energy,  though,  fortunately,  nothino;  as 
yet  points  to  this,  and  it  would,  therefore,  be  unscientific  to  innrease  the  difficulty 
of  investigation  by  making  such  a  hypothesis  until  it  shall  be  found  that  there 
are  good  grounds  for  doing  so. 


Digitized  by  VjOOQIC 


844  Mr,  J.  Fletcher  Moulton  [Feb.  23, 

molecules  out  of  the  molecules  or  atoms  of  the  combining  bodies,  or 
the  atoms  that  composed  snch  molecules.  The  impetus  given  to  the 
science  of  chemistry  by  this  felicitous  hypothesis  can  hardly  be 
exaggerated.  It  permeated  the  whole  of  chemical  research,  and 
gradually  came  to  be  treated  as  though  it  represented  a  demonstrated 
fact  Against  this  the  more  accurate  scientific  thinkers  protested,  and 
were  in  3ie  right  in  so  doing.  They  pointed  out  that  the  only  ifacts 
relating  to  the  matter  with  which  we  were  acquainted  were  those 
expressed  by  the  law  of  combining  proportions — that  it  was  true  that 
the  atomic  theory  satisfactorily  accounted  for  this  law,  but  that  the 
mere  fact  of  its  accounting  for  this  single  law  was  a  very  in- 
sufficient ground  for  accepting  the  absolute  truth  of  the  theory. 
There  could  be  no  doubt  of  die  justness  of  these  views,  and  the 
strictly  hypothetical  character  of  the  theory  was  once  more  generally 
recognized.  But  of  late  the  investigations  of  physicists  into  the 
dynamical  theory  of  gases  have  shown  that  when  substances  are  in 
the  gaseous  condition  (in  which  alone  the  separate  particles  of  which 
they  are  composed,  are  capable  of  free  and  independent  motion,  and 
— so  to  speak — of  manifesting  their  separate  constitution)  they  are 
composed  of  rapidly  moving  minute  particles,  of  just  such  size 
and  weight  as  the  atomic  theory  would  lead  us  to  expect.  Now 
this  is  precisely  the  type  of  confirmation  which  our  canon  points 
to  as  justifying  belief.  Nothing  was  feirther  from  the  thoughts 
of  the  inventor  of  the  atomic  theory  than  the  explanation  of  the 
relations  between  temperature  and  pressure  in  gases — ^it  was  solely 
to  account  for  a  law  of  chemical  combination  that  he  framed  his 
hypothesis — and  yet  we  find  that  when  in  the  state  of  gas  the  sub- 
stances actuaUy  consist  of  just  such  particles  as  the  atomic  theory 
requires.  No  two  more  dissimilar  classes  of  phenomena  conld  well 
be  imagined ;  and  it  is  in  consequence  of  this  wide  dissimilarity  of  the 
phenomena  which  it  explains,  that,  although  theories  have  been  started 
in  other  branches  of  molecular  physics  which  have  successfully 
grappled  with  far  more  intricate  phenomena,  there  is  no  theory  of  the 
ultimate  constitution  of  matter  which  has  nearly  so  high  a  claim  to 
be  regarded  as  an  absolute  physical  truth  as  the  atomic  theory. 

This  canon  seems  to  have  but  little  connection  with  that  of 
simplicity,  or,  as  we  may  term  it,  the  Law  of  Parsimony.  And  the 
reason  of  this  is,  as  has  been  shown,  that  we  are  too  deeply  ignorant 
of  the  nature  of  the  ultimate  structure  of  any  portion  of  the  universe 
to  be  able  to  tell  whether  any  suggested  structure  is  a  probable  one, 
i.  e.  is  one  of  a  type  frequently  occurring.  Slowly  as  we  penetrate  the 
mystery  we  shall  acquire  knowledge  of  particular  instances  or  types 
of  structure,  and  shall  learn  what  sort  of  results  to  expect  in  our 
researches;  and  so  soon  as  this  stage  is  attained  we  shall  rightly 
give  weight  to  our  inclination  or  repugnance  towards  any  suggest^ 
hypothesis.  But  at  present  we  are  scarcely  justified  in  doing  so  in 
any  degree,  and  therefore  it  is  of  the  greatest  help  to  science  that 
different  investigators  should  separately  work  out  theories  depending 
some  wholly  on  actions  requiring  a  continuous  medium  for  their 
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tnmBinission,  and  others  hypothesizing  action  at  a  distance.  Snch  as 
sncceed  in  explaining  the  phenomena  to  which  thej  relate  mnst,  in 
the  present  state  of  things,  be  held  to  be  of  an  equally  hypothetical 
character,  and,  on  the  other  hand,  to  be  equally  good  candidates  for 
final  acceptance.  As  we  have  said,  there  is  good  reason  to  hope  that 
this  state  of  things  is  but  temporary ;  but  at  present  it  exists,  and  it 
therefore  profits  nothing  to  torn  the  mind  inward  upon  itself,  to  ask 
it  to  pronounce  on  the  possibility  or  impossibility  of  things  as  to 
which  it  knows  nothing.  Nothing  but  laborious  and  prolonged 
experimental  investigations  will  entitle  us  to  give  the  preference  to 
one  or  the  other  of  the  rival  theories ;  and  this  will  be  due  to  the 
experience  so  gained,  and  not  to  any  process  depending  on  considera* 
tions  of  what  is  a  priori  possible  or  impossible  in  thought. 

It  is  this  utter  absence  of  experience — this  total  ignorance  of  what 
is  possible  or  impossible,  probable  or  improbable — which  causes  us 
on  the  one  hand  to  tolerate  so  kindly  such  fantastic  hypotheses  as 
those  of  which  we  have  given  instances  in  Weber's  and  Ampere's  ideas 
as  to  molecules,  or  the  collision-theory  of  gravitation;  and  on  the 
other  hand  to  view  with  such  doubt  and  suspicion,  and  to  examine 
with  such  a  jealous  eye,  the  brilliant  theories  which  have  shed  so 
much  light  on  various  parts  of  physics  and  chemistry.  Take,  for 
instance,  the  hypothesis  of  a  lununiferous  ether.  In  no  branch  of 
physics  are  the  phenomena  so  striking  as  in  physical  optics,  and  no 
theory  has  ever  fulfilled  so  difficult  a  task  as  has  the  Undulatory 
Theory  in  explaining  and  accounting  for  them;  and  yet  if  we 
deliberately  consider  the  claims  of  this  hypothesis  to  be  regarded 
as  a  physical  truth,  we  cannot  free  ourselves  from  the  most  serious 
and  perplexing  doubt.  We  must  separate  in  our  mind  the  laws  of 
the  Undulatory  Theory  from  the  mechanism  by  which  the  hypothesis 
seeks  to  account  for  them,  and  then  if  we  weigh  the  evidence  directly 
in  favour  of  the  existence  of  such  a  mechanism  apart  from  such  as  is 
derived  from  its  accounting  for  the  laws  of  the  Undulatory  Theory, 
and  when  we  contrast  this  with  the  enormous  difficulty  of  reconciling 
the  existence  of  such  a  mechanism  with  other  phenomena,  we  are 
almost  in  despair.  Bemembering  that  light  only  makes  itself  known 
to  us  in  connection  with  matter,  the  necessity  of  a  hypothesis  of  so 
serious  a  character  might  well  be  doubted.  If  it  were  not  for  the 
'finite  velocity  of  light,  and  the  great  improbability  (jndging  from  our 
knowledge  of  the  law  and  nature  of  energy)  of  there  being  a  store  of 
energy  inherent  in  nothing  for  die  time  being,  as  there  must  be  if  the 
radiant  light  in  the  interplanetary  spaces  is  not  propagated  through  a 
continuous  medium,  it  is  very  doubtful  whether  there  would  be  any 
sufficient  justification  for  the  acceptance  of  the  hypothesis  of  a  lumini- 
ferous  ether  as  being  even  a  near  approximation  to  a  physical  fact. 
At  present  the  existence  of  a  Inminiferous  ether  is  generally  admitted, 
though  it  is  very  usual  to  doubt  the  existence  of  a  medium  for  the 
transmission  of  electric  action,  and  to  look  upon  the  latter  class  of  phe* 
nomenon  as  an  instance  of  action  at  a  distance.  Tet  I  doubt  whether 
the  evidence  in  favour  of  the  existence  of  a  luminiferous  medium 
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differs  at  all  in  kind,  or  even  greatly  in  degree,  from  that  in  faronr  of 
a  medium  for  electric  action ;  always  supposing  that  it  can  be  shown 
satisfactorily  that  induction  across  a  yacuum  occupies  a  finite  time. 
If  then  we  admit  the  existence  of  a  luminiferous  ether  to  be  satis- 
factorily demonstrated,  we  must  also  admit  the  existence  of  an  electric 
ether,  and  it  will  probably  be  found  that  other  types  of  action  haye 
equal  claims  with  Uiese  to  special  media  for  their  transmission.  Are 
we  then  to  crowd  space  with  interpenetrating  media,  each  having  as 
its  sole  function  the  transmission  of  some  special  kind  of  action? 
Without  pronouncing  dogmatically  as  to  whether  this  can  or  cannot 
be  the  truth,  it  is  clear  that  at  present  we  are  justified  in  declining  to 
regard  such  conceptions  as  having  any  much  higher  rank  than  that  of 
hypotheses  judiciously  framed  for  the  purpose  of  simplifying  our 
analysis,  and  assisting  our  thinking  powers.  If  it  should  turn  out 
that  the  so-called  luminiferous  ether  accounts  for  the  transmission  of 
electric  action,  or — as  at  present  seems  more  likely  to  be  the  case — 
that  a  medium  hypothesised  for  the  purpose  of  accounting  for  electric 
action  is  capable  of  satisfying  all  the  needs  of  the  Undulatory  Theory 
of  light,  then  indeed  we  may  begin  to  think  that  our  hypotheses 
closely  represent  physical  facts.  But  such  recognition  is  rightly 
withheld  so  long  as  each  new  hypothesis  suffices  only  to  explain  the 
special  type  of  phenomena  for  which  it  was  framed. 

Many  of  our  best  physicists  are  at  work  on  such  subjects  as  these, 
and  are  making  good  progress.  Difficult  as  is  the  task,  it  is  still  one 
that  occupies  itself  with  what  we  have  reason  to  believe  is  the  simplest 
(if  such  a  term  can  be  appropriately  used  in  such  a  connection),  and 
the  most  uniform  and  homogeneous  type  of  ultimate  structure.  Every 
glimpse  that  we  get  of  the  nature  of  matter  (such,  for  instance,  as  the 
revelations  of  the  spectroscope  or  the  phenomena  of  crystallography 
and  chemical  change)  makes  us  start  back  astonished  at  the  well-nigh 
unimaginable  complexity  that  it  reveals.  But  in  the  case  of  light  and 
electricity,  although  their  manifestations  must  to  some  degree  be 
bound  up  with  matter,  we  have  the  attendant  complexities  of  matter 
playing  but  a  secondary  part,  and  the  main  subject  matter  of  the 
manifestations  appears  to  be  the  result  of  some  infinitely  less  compli- 
cated mechanism.  It  is  true  that  we  are  at  present  baffled  by  this 
very  difference  from  gross  matter,  which  in  all  probability  will  ulti- 
mately render  the  problem  more  simple,  inasmuch  as  our  imagination 
is  little  rich  in  suggestions  that  rise  above  modified  experience.  But 
the  fact  remains  that  we  are  here  brought  most  nearly  face  to  face 
with  the  phenomena  arising  directly  out  of  a  comparatively  simple 
type  of  ultimate  constitution,  and  though  the  complex  behaviour  of 
matter  would  seem  to  give  us  more  information  as  to  its  structure, 
and  thus  more  guidance  in  our  remarks,  it  is,  as  far  as  we  can  yet  see, 
in  the  domain  of  light  and  electricity  that  we  have  best  reason 
to  expect  success  in  our  efforts  to  arrive  at  the  hidden  secrets  of  the 
mechanism  of  the  universe. 

[J.  F.  M.] 
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WEEKLY  EVENING  MEETING, 
Friday,  March  2,  1877. 

Joseph  Hookbb,  M.D.  D.C.L.  LL.D.  Pres.  R.S.  Vice-President, 
in  the  CLair. 

Peofesbob  T.  H.  Huxlbt,  LL.D.  Sec.  R.8. 

The  History  of  Birds. 

Thb  speaker  commenced  by  quoting  Cnvier's  well-known  saying,  that 
the  geologist  is  an  '*antiqaaire  d'one  esp^ce  noavelle,"  and  illustrating 
the  identity  of  the  methods  pursued  by  the  archs&ological  and  the 
palfeontological  inquirer. 

He  then  commented  upon  the  contrast  presented  by  the  phenomena 
of  the  mineral  world  when  they  are  compiled  with  those  exhibited  by 
living  beings  during  the  lapse  of  time  represented  by  the  fossiliferous 
strat&ed  rocks.  The  former  present  a  general  uniformity,  the  latter 
a  constantly  increasing  divergence  tram  the  present  state  of  things. 
Nevertheless  the  amount  of  the  divergence  of  Uie  ancient  forms  of  life 
from  those  which  now  exist  is  limited,  inasmuch  as  there  is  no  extinct 
animal  which  may  not  at  once  be  classified  in  one  or  other  of  the 
larger  groups  of  the  existing  fauna. 

In  order  to  illustrate  the  extent  of  the  modification  which  can  be 
proved  to  have  taken  place  within  a  single  group  in  a  given  time, 
the  speaker  selected  the  class  of  birds,  which,  at  the  present  day,  is 
one  of  the  most  sharply  defined  of  all  the  larger  divisions  of  the 
animal  kingdom ;  and  he  pointed  out  that  the  numerous  remains  of 
birds  which  have  up  to  this  time  been  discovered  in  the  quaternary 
and  tertiary  strata,  have  not  made  us  acquainted  with  a  bird  which 
departs  in  any  essential  respect  from  living  types. 

About  twenty  years  ago,  however,  the  Solenhofen  slates  (which  are 
of  middle  secondary  age)  yielded,  first,  the  impression  of  a  feather  and 
then  a  large  part  of  the  skeleton  of  a  bird,  the  structure  of  which  in 
some  respects  differs  less  from  that  of  a  reptile,  than  that  of  any  other 
known  bird.  And  recently  the  cretaceous  deposits  of  the  western 
territories  of  the  United  States  have  yielded  to  the  laborious  explora- 
tions of  Professor  Marsh  two  kinds  of  birds,  the  Ichihyomis  and  the 
Hesperomis,  which  differ  from  all  other  birds  in  the  possession  of 
teem,  and  tiius  still  further  diminish  the  interval  between  birds  and 
reptiles. 
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In  conclusion  Professor  Huxley  referred  to  his  discourse  on 
Feb.  7, 1868,  on  '*  the  Animals  which  are  most  nearly  intermediate 
between  Birds  and  Reptiles/'  when  he  demonstrated  that,  '<in  past 
times,  birds  more  like  reptiles  than  any  now  living,  and  reptiles 
more  like  birds  than  any  now  living,  did  really  exist."  * 

[T.  H.  H.] 


♦  *  Proceedings  of  the  Boyal  Institution,'  vol.  v.  pp.  278-287. 
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WEEKLY  EVENING  MEETING, 

Friday,  March  16,  1877. 

William  Spottibwoode,  Esq.  LL.D.  Tr.  R.I.  Secretary  and 
Yioe-PreBidoiit,  in  the  Chair. 

Jambs  Bbtoe,  Esq.  D.C.L. 

Armenia  and  Ararat. 

Thb  lecturer  began  by  some  remarks  on  the  peculiar  interest  at* 
taching  to  the  Caucasian  countries;  their  remarkable  physical 
structure  and  the  groat  variety  of  races,  religions,  and  languages  to 
be  found  in  them.  He  dwelt  upon  the  part  they  had  played  in 
history,  and  the  importance  which  their  commanding  geographical 
position  seemed  to  reserve  for  them  now,  as  well  as  upon  the  commercial 
advantages  which  their  situation  on  two  seas  secures  to  them. 

Proceeding  to  speak  of  Armenia,  the  lecturer  described  at  some 
length  its  orographical  structure.  It  is  a  country  of  lofty,  irregular 
plateaux,  formed  by  the  meeting  of  three  great  mountain  systems,  the 
Caucasus,  whose  southern  offsets,  forming  the  watershed  between  the 
Eur  and  the  Hion,  ramify  over  the  north  of  Armenia,  the  Taurus, 
whose  easternmost  branches  enter  it  on  the  west,  and  the  ranges  of 
Iran,  which  run  up  into  it  from  the  S.  and  S.E.  A  more  detailed 
account  was  given  of  the  Caucasus,  which  the  speaker  had  himself 
traversed,  and  the  characteristics  of  its  structure,  its  comparative 
narrowness,  its  steepness,  and  the  great  persistent  elevation  which  it 
maintains,  were  described.  The  volcanic  phenomena  of  Armenia 
were  then  commented  on,  and  the  pecaliarities  of  its  soil,  climate, 
and  vegetation.  It  is  a  high  and  bare  country,  with  one  or  two  rich 
valleys,  the  largest  and  finest  of  which  is  that  traversed  by  the 
Araxes;  and  wiUi  three  remarkable  lakes,  two  of  which,  those  of 
Van  and  Urumiah,  are  close  basins,  not  discharging  to  the  sea.  The 
climate  is  a  climate  of  extremes,  intensely  cold  in  winter  from  the 
great  general  elevation  of  the  country,  and  the  prevalence  of  N.  and 
E.  winds,  and  in  summer  very  hot  and  dry.  There  is  therefore  a 
want  of  wood,  and  a  vegetation  on  the  whole  scanty:  cultivation 
is  in  many  places  only  possible  by  means  of  artificial  irrigation. 

Some  account  was  then  given  of  the  inhabitants  of  Armenia. 
Excluding  the  Georgians,  who  live  rather  to  the  north  of  Armenia 
proper,  and  the  Bussians,  who  are  recent  immigrants  and  com* 
paratively  few  in  number,  they  belong  to  four  distinct  races:  the 
native  Armenians,  the  Kurds,  the  Persians,  and  the  Tartars  or  Tatars. 
The  Armenians  are  to  all  appearance  the  aborigines  of  the  country, 
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and  were  once  its  mlers,  having  been  for  a  time  the  masters  of  a 
powerful  kingdom,  whose  swaj  extended  far  down  the  valley  of  the 
Euphrates.  After  the  Seljukian  conquests  a  great  emigration  took 
place,  and  the  bulk  of  the  race  is  now  scattered  over  Asia  Minor, 
Georgia,  and  parts  of  Eastern  Europe.  Those  who  have  remained  at 
home  are  for  the  most  part  peaceful  and  submissive  peasants,  who  do 
not  show  either  that  active  intelligence  or  that  admirable  aptitude  for 
trade  which  distinguish  the  traveUed  Armenian. 

The  number  who  inhabit  old  Armenia,  both  Bussian  and  Turkish, 
is  probably  under  two  millions,  while  the  total  number  of  the  nation 
has  been  estimated  at  five. 

The  Kurds,  who  are  apparently  the  Carduohi  of  Xenophon  and 
other  ancient  authors,  seem  to  be  also  an  aboriginal  race,  and  speak 
a  tongue  belonging,  like  the  Armenian,  to  the  Iranian  family.  They 
are  nomads,  who  wander  during  the  summer  over  the  mountains  with 
their  flocks  and  herds,  and  in  winter  descend  to  the  valleys,  where 
they  often  quarter  themselves  on  the  Armenian  peasantry,  and 
plunder  wherever  they  go.  They  jare  mostly  nominal  Mohamme- 
dans, bnt  in  practice  care  little  foi^  any  form  of  religion,  and  have 
never  shown  any  disposition  to  adopt  a  settled  or  civilized  life. 
Their  presence  is,  indeed,  one  of  the  greatest  obstacles  to  the  pacifi- 
cation and  improvement  of  these  countries,  although  they  are  not 
without  some  fine  qualities.  The  Persians  inhabit  only  the  towns  in 
the  eastern  part  of  Armenia,  a  region  which  they  held  till  conquered 
by  the  Bussians  in  1828,  and  the  Tartars,  who  appear  to  have  immi- 
grated from  the  steppes  north  and  east  of  the  Caspian  in  the  earlier 
part  of  the  Middle  Ages,  form  a  large  part  of  the  pastoral  and  agri- 
cultural population  of  the  valleys.  They  are  a  branch  of  the  Turanian 
race,  speaking  a  language  similar  to,  though  rather  rougher  than,  the 
Osmanli  of  the  Ottoman  Turks,  and  are  Mohammedans,  generally  of 
the  Shiah  persuasion.  Between  these  races  there  is  no  intermarriage, 
nor  indeed  any  intermixture  whatever:  each  retains  its  religion, 
laws,  and  customs,  unaffected  by  the  presence  of  the  others. 

The  lecturer  then  proceeded  to  give  an  account  of  Mount  Ararat, 
dwelling  especially  on  its  geological  character,  and  wound  up  with  a 
description  of  his  ascent  to  its  summit  on  the  12th  of  September, 
1876;  an  account  which  it  is  hardly  necessary  to  condense  here, 
because  it  has  since  appeared  at  full  length  in  a  book  published  bj 
him  under  the  title  of  *  Transcaucasia  and  Ararat' 

[J.B.] 
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WEEKLY  EVENING  MEETING, 

Friday,  March  23, 1877. 

Warbbn  Db  la  Rite,  Esq.  D.C.L,  F.R.S.  in  the  CLair. 

Pbofbssob  J.  H.  Gladstone,  Ph.D.  F.B.S. 

Influence  of  Chemical  Constitution  on  the  Befraction  of  LiglL 

Tax  ohject  of  the  present  diaGoui*8e  was  to  describe  the  advance  that 
had  been  made  in  the  subject  of  refraction  eqairalents  since  the 
lecture  delivered  on  Friday,  April  24, 1868.  The  speaker  commenced 
by  explaining  the  terms  employed.  The  index  of  refraction  of  a  body 
expresses  the  amount  to  which  a  ray  of  light  is  bent  in  passing  from 
a  vacuum  into  that  body  at  any  other  than  a  right  angle.  It  varies 
with  the  temperature,  pressure,  and  every  other  condition  which 
a£fects  the  volume  of  the  substance.  The  specific  refractive  energy 
of  a  body  is  its  refractive  index  minus  unity,  divided  by  the  density, 
and  this  is  a  constant  unaffected  (or  nearly  so)  by  changes  of  tempera- 
ture or  pressure,  passage  from  the  solid  to  the  liquid  or  gaseous 
condition,  solution  in  other  substances,  or  chemical  combination 
within  certain  limits.  The  refraction  equivalent  is  the  specific 
refractive  energy  of  a  body  multiplied  by  its  chemical  equivalent. 

In  the  spring  of  1868  the  number  of  chemical  elements  of  which 
the  refraction  equivalent  had  been  determined  with  more  or  less 
accuracy  was  17,  a  number  which  has  since  been  increased  to  52. 
The  additions  are  principally  the  metals,  and  their  refraction  has 
been  determined  mainly  from  salts  by  taking  advantage  of  the  fact 
that  a  salt  is  not  altered  in  specific  refractive  energy  by  solution  in 
water  or  alcohol.  About  200  salts  have  been  examined,  and  by  a  com- 
parison of  the  results  the  value  of  each  constituent  has  been  obtained. 

The  following  table  gives  the  complete  list  of  the  elements,  and 
their  optical  properties,  as  far  as  they  are  known  : — 


Element. 

Atomic  Weight. 

Refttk*Ion 
Equivalent. 

Specific  Refractive 
Energy. 

Alominium        

27-5     • 

8-4 

307 

Antimony 

122 

24-5— 31-8 

201—200 

Arsenio       

75 

15-4 

205 

Barium        

137 

15-8 

115 

Bismuth      

210 

39-3 

187 

Boron 

11 

4 

364 

Bromine      

80 

15-3-16-9 

191—211 

Cadmium 

112 

13-6 

121 

Gssium       

133 

13-7? 

103? 

Calcium      

40 

10-4 

2G0 
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Carbon 
Cerium 
Chlorine 
Chromiam  .. 
Cobalt ..     .. 
Cooper 
Didymimn  .. 
FluoriDe 
Gallium 
Olucinum    .. 
Gold    ..      .. 
Hydrogen   .. 
Indium 
Iodine  .. 
Iridium 
Iron 

Laotbanum 
Lead    ..     .. 
Lithium 
Magnesium.. 
Manganese .. 
Mercury 
Molybdenum 
Nickel..      .. 
Niobium 
Nitrogen 
Osmium 
Oxygen 
Palladium  .. 
Phosphorus 
Platinum     .. 
Potassium   .. 
Rhodium 
Rubidium    .. 
Ruthenium.. 
Selenium     .. 
Silicon 
SUyer  ..     .. 
Sodium 
Strontium   .. 
Sulphur 
Tantalum    .. 
Tellurium   .. 
Thallium     .. 
Thorium 
Tin      ..     .. 
Titanium    .. 
Tungsten    .. 
Uranium     .. 
Vanadium  .. 
Yttrium       .. 
Zinc     ..     .. 
Zirconium   .. 


Atomic  W«l^t. 


12 

92 

85-5 

522 

58-8 

63-5 

96 

19 

'9-8 
196-7 
1 

74 
127 
198 

56 

92 

207 

7 

24 

55 
200 

92 

58-8 

97-6 

14 
199 

16 
106-5 

81 
197-4 

391 
104 

85-5 
101 

79 

28 
108 

23 

87-5 

82 

137-5 
128 
204 
231-5 
118 

50 
184 
120 

51-2 

68 

65 

90 


BflfrlOtlOD 

EqnWalent. 


5 
13-6? 
9-9— 10-7 
15-9-23 
10*8 
11-6 
16 
1-4? 

5-6 
24 
1-3—3-5 

24-5^27-2 

31-7? 

12-0-20-1 

15-8 

24-8 

38 

7 

12-2—26-2 

21-3—29-0 

l6*-4 

41-5-3 

2-9 
22-2 
18-3 
26 

8-1 
24-2? 
14 

80 -5 
7-4-6-8 
13-5 
4-8 
13-6 
16 


21-6 

270— 19-2 
25-6 

10-8 
25-3? 

10-2 
22-3 


Specific  RclhwtiTe 
Kneiar- 


416 

148? 
279—301 
302^--438 

184 

183 

166 
73? 

606 

122 

1-300—3-500 

19a^214 

160 
214—359 

168 

120 

540 

292 
222—476 
107—145 

177 

293^8 

181 

208 

590 

132 

207 

232? 

164 

885 
263—238 
125 
209 
155 
500 


106 

203^162 
512 

90 
494? 

156 
249 


different  determfnatioiu  are  not  fairly  aooordant. 


one  componiid,  or  l 
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A  glance  at  the  aboye  table  reyeals  seyeral  remarkable  features. 
It  is  eyident,  for  instance,  that  such  non-metallic  elements  as  phos« 
phoms,  sulphur,  selenium,  carbon  and  boron  haye  remarkably  high 
specific  refnMstion,  while  hydrogen  is  more  than  double  any  other  in 
yalue.  A  more  remarkable  relation  is  one  that  appears  when  the 
specific  refractiye  energy  of  the  metals  is  compared  with  their  com- 
bining proportion,  that  is  to  say,  with  the  absolute  amount  which 
unites  with  one  uniyalent  atom — say  85  *  5  parts  of  chlorine — to  from 
a  stable  compound.  This  is  exhibited  in  the  following  table,  in 
which  the  metals  are  ranged  according  to  their  combining  proportions, 
hydrogen  being  included  on  chemical  grounds. 


Elementw 


Hydrogen  .. 
Glucinum  .. 
Lithium    . . 
Aluminium 
Ghroniium 
Magnesium 
Calcium     .. 
Zirconium . . 
Rhodium  .. 
Manganese 
Iron    . . 
Sodium 
Palladium 
Potassium . . 
Arsenic 
Tin     ..      .. 
Antimony . . 
Bismuth    .. 
Cobalt 
Copper 
Kickel       .. 
Didymium 
Rubidium . . 
Iridium     . . 
Zinc  ..     .. 
Strontium . . 
Cerium 
Platinum  .. 
Silver 

Gold  ..  .. 
Cadmium  .. 
Lead..  .. 
Barium 
Mercury  ,. 
Thallium  .. 
Cflddum 
Uranium   .. 


Spedflc  RefiracUve 
Energy. 


Couibining 
Proportion. 


1-300 
606 
540 
307 
305 
292 
260 
249 
232? 
222 
214 
209 
208 
207 
205 
203 
201 
187 
184 
183 
177 
166 
164 
160? 
156 
155 
148 
132 
125 
122 
121 
120 
115 
107 
106 
103? 
90 


1 

4-7 

7 

91 

17-4 

12 

20 

22*4 

34*8 

27-5 

28 

23 

26-6 

39- 1 

25 

29-5 

24 

69 

29-4 

31-7 

29-4 

48 

42  7 

49-5 

82*6 

43-8 

46 

49-3 
108 

65-7 

56 
103-5 

68-5 
100 
204 
133 
120 


It  is  evident  ihat  as  the  figures  in  the  first  column  decrease,  those 
in  the  second,  as  a  rule,  increase ;  that  is  to  say,  that  the  specific 

2  0  2 
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refractive  energy  of  a  metal  is  inversely  as  its  combining  proportion, 
or,  in  other  words,  that  those  metals  which  have  the  greatest  power  in 
retarding  the  passage  of  a  ray  of  light,  are  those  which  have  the 
greatest  power  of  saturating  another  element. 

This  law  does  not  hold  good  absolutely :  thus  potassium  and 
sodium,  which  have  very  different  combining  proportions — 39  *  1  and 
23  respectively — have  practically  the  same  refitaction. 

The  extent  of  these  discrepancies  would  be  better  seen  if  the  above 
table  were  represented  graphically.  It  would  then  appear  as  if  there 
were  a  tendency  to  form  not  one  curve,  so  much  as  three  or  four 
nearly  concurrent  curves,  according  to  the  particular  character  of 
the  elements:  thus  the  univalent  metals,  lithium,  potassium,  ru- 
bidium, silver,  ceesium  and  thallium,  would  seem  to  form  a  curve 
somewhat  within  the  others. 

These  two  properties — the  saturating  power  and  the  refractive 
energy — are  not  dimstly  proportional.  It  would  rather  appear  that 
the  specific  refractive  energy  is  inversely  as  the  square  root  of  the 
combining  proportion.     Thus  for  the  univalent  metals : — 


Metal. 

Spedflc  RefracUve 
EnerFy. 

Sqnare  Root 
of  Combining 

Prodact  of  these 
two  Nnmbeni. 

Hydrogen     

Lithium        

Sodium 

Potassium 

Rubidium     

SUver 

Ccesium         

TLalliura       

1-300 
540 
209 
207 
1G4 
125 
103? 
106 

1 

2-6 

4-8 

6-2 

9-2 

10-4 

11-5 

14-3 

1-3 

1-4 

10 

1-28 

1-5 

1-3 

118? 

1-51 

The  law  evidently  holds  true,  roughly,  for  this  group,  with  the 
exception  of  sodium,  which  as  noticed  above  is  discrepant.  This  is 
the  more  remarkable,  as  the  group  includes  the  elements  of  the  highest 
and  the  lowest  saturating  power. 

Another  point  in  regard  to  which  an  advance  has  been  made,  is 
the  following.  If  an  element  always  had  the  same  refractive  energy 
in  whatever  way  it  was  combined,  we  should  be  able  to  calculate 
beforehand  the  refraction  equivalent  of  any  compound  of  which  the 
composition  was  known,  and  its  refractive  index  also  if  we  knew  its 
density.  This  would  be  interesting,  but  we  should  evidently  gain  no 
information  as  to  the  chemical  constitution  or  structure  of  the  com- 
pound. But  the  fSact  is  otherwise.  As  a  rule,  the  refraction  does  not 
vary :  carbon,  for  instance,  whether  alone  as  in  the  diamond,  or 
combined  in  such  diversified  bodies  as  bisulphide  of  carbon,  coal  gas, 
cyanogen,  alcohol,  paraffin,  sugar,  and  a  hundred  others,  is  exerting 
the  same  influence  on  the  rays  of  light  which  traverse  it ;  but  there 
are  certain  compounds  of  carbon,  in  which  it  exerts  a  different  influ- 
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ence,  and  it  is  from  the  coiisideration  of  this  property — a  wholly 
independent  means — ^that  we  are  able  to  confirm,  or  otherwise,  our 
theoretical  views  of  their  constitution.  This  may  be  illustrated  by 
the  simpler  case  of  iron.  It  is  well  known  that  one  atom  of  iron 
will  combine  with  either  two  or  three  univalent  atoms,  forming  two 
classes  of  salts,  which  are  totally  distinct.  Now  in  the  ferrous  salts, 
such  as  FeCls,  that  have  been  examined,  the  refraction  equivalent  is 
12*0,  while  in  the  ferric  salts,  as  FeCls,  it  is  20*  1. 

To  return  to  carbon.  It  is  well  known  that  one  atom  of  this 
element  usually  combines  with  four  univalent  atoms  or  radicles  such 
as  H .  CI .  HO .  NOs .  CH,,  or  two  divalent  atoms  such  as  O .  S.  In  the 
immense  multitude  of  carbon  compounds  of  this  order,  the  carbon  is 
invariably  found  to  have  a  refraction  equivalent  of  5*0.  This  is 
independent  of  the  manner  of  combination,  bo  that  isomers  such  as 
chloride  of  ethylene  and  chloride  of  ethylidene  have  precisely  the 
same  value. 

There  is,  however,  a  large  group  of  bodies,  in  which  the  carbon  is 
not  saturated  in  the  same  way,  but  we  are  obliged  to  imagine  that  six 
atoms  arQ  associated  together  in  each  molecule,  and  that  they  thus 
combine  with  six  univalent  atoms.  This  large  group  forms  what 
chemists  call  the  aromatic  group,  of  which  bcuazene,  aniline,  oil  of 
bitter  almonds,  benzoic  acid,  carbolic  acid,  are  well-kiiown  members. 

To  the  mind  of  the  chemist,  there  is  a  very  wide  distinction  in  the 
fundamental  constitution  of  these  two  classes  of  carbon  compounds. 
The  refraction  goniometer  exhibits  this  wide  distinction  in  another 
way,  for  every  member  of  this  aromatic  group  which  has  been 
examined  gives  a  value  6  or  7  above  that  which  it  would  be  if  cal- 
culated on  the  supposition  that  carbon  equals  5. 

The  naphthalene  group  has  evidenUy  a  very  different  ultimate 
molecular  structure,  in  which  ten  atoms  of  carbon  are  supposed  to  be 
associated.  The  refraction  is  14  or  15  higher  than  the  amount  cal- 
culated from  the  value  already  given. 

These  three  groups  are  typically  expressed : — 


H 


H-C— H 


I 
U 


MarehQas. 


H 

H          H 

Benxene. 

Naphthalene. 

Anthracene  is  probably  more  complicated,  and  its  refraction 
exceeds  the  theoretical  amount  by  a  still  larger  quantity.  In  fact, 
refraction  and  dispersion  increase  very  rapidly  with  the  number  of 
atoms  of  carbon  Uiat  are  not  combined  witii  at  least  two  of  hydrogen 
or  their  equivalent 
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It  is  evident  that  this  may  a£ford  a  means  of  determining  to  what 
group  a  douhtfnl  body  may  belong.  Thus  a  colourless  oily  body, 
with  a  pleasant  odour,  named  fnrfurol,  has  been  obtained  from  bran. 
The  proportions  of  the  elements  are  CAOi,  but  it  was  quite  a  matter 
of  opinion  whether  the  fiye  atoms  of  carbon  were  combined  as  above 
with  H  and  O  counting  for  eight,  and  therefore  that  furfurol  was 
analogous  in  constitution  to  the  essential  oils  (CioHu  or  CjaHm),  or 
whether  it  contained  two  of  hydrozyl,  HO,  in  which  case  it  would  be 
more  analogous  to  the  aromatic  group,  since  there  would  be  five 
carbon  atoms  to  four  univalent  radicles,  like  benzene  CeH^  minus 
GHi.  Now,  the  refraction  equivalent  of  furfurol  is  42-3,  which 
differs  from  the  calculated"  value  by  6*3,  about  the  same  difference 
as  we  find  in  the  aromatic  group,  and  &t  exceeding  that  observed 
in  the  case  of  the  essential  oils.* 

Besides  determining  in  this  way  the  class  of  bodies  to  which  a 
substance  belongs,  it  is  also  evident  that  the  prism  may  throw  light 
on  the  constitution  of  groups  of  complex  isomers,  and  we  may  expect 
that  its  indications  will  in  many  ways  have  an  important  influence  on 
the  theoretical  chemistry  of  the  future. 

[J.  H.  G.] 

*  Since  this  diaooane  was  delivered  I  have  learned  that  recent  researches 
have  shown  chemical  reasoDS  for  associating  furfurol  with  the  benaene  group. 
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GENEBAL  MONTHLY  HEETING, 
Monday,  April  2, 1877. 

GiOBGB  Busk,  Esq.  F.B.S.  Treasiirer  and  Yioe-Presidenty 
in  the  Ohair. 

Mrs.  S.  Biroham, 
Sir  Robert  Burnett,  Bart. 
James  Edmonds,  M.D. 
G^rge  Bamet  Goolden,  Esq. 

were  elected  Members  of  the  Boyal  Institution. 

The  following  arrangements  of  the  Lectures  after  Easter  were 
announced  :— 

PBonasoB  J.  H.  Guldstonb,  Ph.D.  F.B.S.—- Five  Leotnres  on  the  GhemiBtry 
of  the  Heayenly  Bodies ;  on  Taeedays,  April  10  to  May  15. 

(No  Lectare  on  May  1st,  the  day  of  the  Anitual  Mketino,  2  p.m .) 

PBOFiBflBOB  J.  DswAB,  M.A.  F JL8.E. — ^Three  Lectures  on  the  Chemical 
Philosophy  of  Sir  Hmnphry  Davy;  on  Tuesdays,  May  22,  29,  and  Jnae  5. 

Pbofbsbob  Ttndall,  D.CL.  LL.D.  F.B.B.— Eight  Lectores  on  Heat;  on 
Thursdays,  April  12  to  May  Slst 

Edwabd  Dannbkutheb.  Esq. — Two  Lectures  on  Ohopin  and  Liszt:  with 
many  Illustrations  on  the  Pianoforte ;  on  Saturday,  April  14,  and  Thursday, 
June?. 

The  Bcv.  A.  H.  Satcb,M.A. — ^Three  Lectures  on  Babylonian  Literature;  on 
Saturdays,  April  21,  28,  and  May  5. 

Walter  H.  Pollock,  Esq.  M.  A.— Three  Lectures  on  Modem  French  Poetry; 
on  Saturdays,  May  12, 19,  26. 

Ghablib  T.  Kswton,  Esq.  G.B. — Two  Lectures  on  the  Becent  Disooveries 
at  Myoenie ;  on  Saturdays,  June  2  and  9. 

The  Pbbsents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same. 

FBoac 
The  Frewsh  ChoemmerU  (hy  (he  Mimeter  of  PubUe  Jfu^rtkstion)— Inventaire  des 
MSS.  Francais  de  la  Biblioth^ue  Nationale,  Tome  L    8yo.    Paris.    1876. 
Bapports  sur  leSerrice  des  Archives  de  la  Biblioth^ue  Kationale,  1876.    8¥0. 
1877. 
Ooffernment  of  Bengal— Genenl  Beport  of  Public  Instruction  in  Bengal,  1875-6. 

fol.    1876. 
Hie  horde  of  the  ^dmtroZfy— Nautical  Abnanaok  for  1880.    8yo.    1876. 
Greenwich  Observations  for  1874.    4to.    1876. 

Besults  of  Astronomical  Observations  at  the  Gape,  by  E.  J.  Stone,  1871-8. 
8vo.    1876. 
The  Warden  of  the  Standards— Gomparisons  of  the  three  Parliamentary  Gopies  of 
the  Imp^ial  Standards.    8vo.    1877. 
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Accademia  dei  Lineei,  i?owi€— Atli,  Scrio  III.  Transunii,  Vol.  I.  Fiujc,  3.    4to. 

1877. 
Agronomical  Society,  Bayal—llonWiXy  Notices,  Vol.  XXXVII.  Nos.  3,  4.     8vo. 

1877. 
J^riti$h  ArdtitecU,  Royal  Institute  o/— Sessional  Papers,  1876-7,  Noe.  7,  8.    4to. 
Chaney^  H,  /.  Eta.  JIf.fi.J.— Studuilz  on  Gold :  translated  by  Mrs.  Brewer,  with 

Notea  by  E.  Streeter.    16to.    1877. 
Chemical  Society— ZormoA  for  Feb.  1877.    8vo. 
JE'd/torg— American  Journal  of  Science  for  March,  1877.    8vo, 
Atlienajum  for  March,  1877.    4to. 
Chemical  News  for  March,  1877.    4to. 
Engineer  for  March,  1877.    fol. 
Horological  Journal  for  March,  1877.    8vo. 
Journal  for  Applied  Science  for  March,  1877.    fol. 
Nature  for  March,  1877.    4to. 
Nautical  Magazine  for  March,  1877.    8to. 
Pharmaceutical  Journal  for  March,  1877.    8yo. 
Telegraphic  Journal  for  March,  1877.    8vo. 
Franklin  in«a*fute--Journal,  No.  615.     8vo.     1877. 

GeotfrapUcal  Society,  i?oya^— Proceedings,  Vol.  XXI.  Noe.  2,  3.    8vo.    1877. 
Gedogieal  InslittUe,  Imperial,  Fwnwo— Jahrbuch,  1876,  Na  4.    8vo.     1876. 

Verhandlungen,  1876,  Nos.  14-16.    8vo.    1876. 
Geological  Survey  of  India — Records,  Vol.  X.  Part  1.    8vo.    1877. 
Harris,   George,  Esq.  LL.D.  F^.A,  (the  Author) — Civilization  considered  as  a 
Science.    New  edition.    16to.    1872. 
The  Tiieory  of  the  Arts ;  or  Art  in  relation  to  Nature,  Civilization,  and  Man. 

2  vols.    8vo.     1869. 
A  Philosophical  Treatise  on  the  Nature  and  Constitution  of  Man.  2  vols.   8vo. 
1876. 
Iron  and  Steel  Institute— J ovan&l,  1876,  No.  2.    8vo.    187a 
Linnean  Awdy— Proceedings,  Nos.  67,  88.    8vo.    1876. 
Mann,  B,  J,  if.D.  M,R,L  (the  J utAor) -Tennyson's  Maud  Vindicated.    16to. 

1856. 
Mechanical  Engineers*  Institution — Proceedings :  Index,  1 847-73.    8vo.    1876. 
Meteorologieal  (Mce— Monthly  Charts  of  Meteorological  Data    for    Nino    I(P 

Squares  of  the  Atlantic,    fol.  and  4to.    1876. 
MontpeUier  Acadhnie  des  Sciences — M^motres.  Tome  VIII.  Faec.  3.    4to.     1876. 
Physical  Society  of  London— Proceedingcj,  Vol.  II.  Part  2.    8vo.     1877. 
Preussische  Akadimie  der  Wissenschaften — Monatsberichte :  No?.  1876.    8?o. 
Royal  Society  of  London— Proceedings,  No.  178.    8vo.    1877. 
ScoUishSociety  of  Arts,  Royal— TrAna&ciion8,\o\.  IX,  TsLTi^.    8vo.    1876. 
St.  Bartholomevys  HospitaU-ReyovU,  Vol.  XII.    8?o.     1876. 
St.  Petersburg,  Aeadhnie  des  -SWenoca— Bulletins,  Tome  XXIIL  No.  2.  4to.   1876. 
SymonSf  G.  J.  Esq.  (the  Author)— SymoriB*  Monthly  Meteorological  Magazine, 

March,  1877.    8vo. 
Upsal  Royal  Society  of  Sciences — Nova  Acta :  Ser.  III.  Vol.  X.  Fuse  1.    4to. 
1876. 
Bulletin  Me'teorologique  Mensuel,  Vol,  VII.    Anne'e,  1875.    4to.     1875-6. 
Vereins  zur  Befdrderung  de»  Getcerbfieisses  in  Preussen — Verhandelungen,  Aug.- 

Oct.  1876;  Jan.  Feb.  1877. 
Weiss,  Augustus,  Esq.  M.R.I. — II  Petrarcha  colla  Spositiono  di  Misscr  Giovanni 
Andrea  Gesvaldo.    Vinegia.    4to.     1513. 
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WEEKLY  EVENING  MEETING, 
Friday,  April  13,  1877. 

GsoBQE  Busk,  Esq.  F.R.S.  Treasurer  and  Vice-President, 
in  the  Chair. 

William  Spottiswoodb,  Esq.  M.A.  LL.D.  Treas.  R.S.  Sec.  K.I. 

Experiments  with  a  Great  Induction  CoU, 

The  experiments  shown  in  this  discourse  were  in  illustration  of  the 
power  of  an  induction  coil  constructed  for  me  by  Mr.  Apps,  and 
described  in  full  in  the  '  Philosophical  Magazine '  for  January  of  this 
year.  The  following  are,  however,  the  particulars  of  its  principal 
parts.  The  coil,  as  arranged  on  this  occasion,  has  a  core  consisting 
of  a  bundle  of  iron  wires,  each  *032  inch  thick,  and  forming  together 
a  solid  cylinder  44  inches  in  length,  and  3*56  inches  in  diameter. 
Its  weight  is  67  lbs.  The  copper  wire  used  in  this  primary  is  660 
yards  in  length,  *096  inch  in  diameter,  has  a  conductivity  of  93  per 
cent.,  and  offers  a  total  resistance  of  2*3  ohms.  It  contains  1344  turns 
wound  in  six  layers,  has  a  total  length  of  42  inches,  with  an  internal 
diameter  of  3*75  inches,  and  an  external  of  4*75  inches.  The  total 
weight  of  this  wire  is  55  lbs. 

The  secondary  consists  of  280  miles  of  wire,  forming  a  cylinder  of 
87*5  inches  in  length,  20  inches  in  external,  and  9*5  inches  in  internal 
diameter.  Its  conductivity  is  94  per  cent.,  and  its  total  resistance  is 
equal  to  110,200  ohms. 

The  condenser  required  for  this  coil  proves  to  be  much  smaller 
than  might  have  been  at  first  expected.  After  a  variety  of  experi- 
ments, it  appeared  that  the  most  suitable  size  is  that  usually  employed 
with  a  10-inch  spark  coil,  viz.  126  sheets  of  tinfoil  18  inches  by  8*25, 
separated  by  two  thicknesses  of  varnished  paper,  the  two  thicknesses 
measuring  *011  inch. 

When  so  arranged,  this  coil  gave,  with  five  quart  cells  of  Grove,  a 
spark  of  28  inches ;  with  ten  similar  cells,  one  of  33  inches ;  with 
thirty  such  cells,  one  of  37'5  inches,  and  subsequently  one  of  42  inches. 

When  the  discharging  points  were  placed  about  an  inch  apart,  a 
flowing  discharge  was  obtained,  both  at  making  and  at  breaking  tho 
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prinuury  ciroait  The  soond  which  aooompanies  this  disoharge  im- 
plies that  it  is  intermittent. 

With  a  28-inch  spark,  produced  hy  fiye  quart  cells,  a  hlook  of  flint 
glass  3  inches  in  thickness  was  pierced. 

When  a  Leyden  battery,  having  a  coated  snr&ce  of  10  feet,  was 
inserted  as  a  secondary  condenser,  tiie  spark  was  sufficiently  brilliant 
to  allow  its  spectrum  to  be  projected  on  a  screen.  In  this  spectrum 
the  principal  metallic  lines  were  distinctly  visible  to  the  audience. 

A  Leyden  battery,  having  a  coated  surflEuse  of  20  feet,  was  charged 
with  4  sparks  from  die  coiL 

In  further  exemplification  of  the  power  of  this  induction  coil, 
some  experiments  were  devised  so  as  to  exhibit  to  the  audience  effects 
previously  observed  only  in  a  revolving  mirror. 

When,  as  is  generally  the  case  with  an  induction  spark,  the  dis- 
charge occupies  an  appreciable  interval  of  time,  the  image  of  it  seen  in 
a  revolving  mirror  appears  spread  out  to  a  breadth  proportional  to  its 
duration,  and  to  the  velocity  with  which  the  mirror  revolves.  The 
successive  phases  of  the  phenomena  are  then  arranged  in  successive 
positions,  and  may  be  studied  separately,  even  when  too  rapid  to  be 
disentangled  by  the  unassisted  eye.  This  method,  however,  is  adapted 
to  only  one  or,  at  most,  two  observers  at  a  time. 

In  experiments  with  luminous  objects  where  there  is  sufficient 
brilliancy  of  light,  the  image  as  seen  in  a  revolving  mirror  may 
be  projected  upon  a  screen  by  replacing  the  plane  by  a  concave 
mirror  of  suitable  focal  length;  but  the  comparative  feebleness  of 
light  in  vacuum  tubes,  even  when  illuminated  by  the  great  coil, 
rendered  even  this  method  inapplicable  for  the  purposes  of  an 
audience.  With  a  view  to  overcoming  the  difficulty,  I  next  tried  the 
effect  of  causing  the  tube  itself  to  move  during  the  discharge ;  and 
after  a  variety  of  experiments,  I  finally  attached  the  tubes  to  the 
wooden  arms  about  6  feet  in  length,  which  were  made  to  revolve 
about  their  centre  like  the  arms  of  a  windmill,  and  succeeded  in  ex- 
hibiting the  phenomena  on  a  large  scale.  The  instrumental  arrange- 
ments were  in  substance  similar  to  those  of  a  Gassiot's  star ;  but  Sie 
discharges,  instead  of  being  almost  instantaneous,  were  of  long 
duration ;  and  instead  of  appearing  as  mere  radii,  they  covered  sectors 
of  appreciable  angle,  sometimes  semicircles,  or  even  more,  about  the 
centre. 

This  being  so,  every  stratification  which  remained  fixed  during 
the  entire  discharge  described  the  arc  of  a  circle,  and  a  column  of 
strife  appeared  as  a  series  of  concentric  luminous  rings  or  portions  of 
rings,  according  to  the  duration  of  the  discharge.  Similarly,  striie 
which  were  moving  in  one  direction  or  another  along  the  tube, 
described  arcs  of  spirals,  the  pole  of  which  was  situated  towards  the 
beginning  or  end  of  the  discharge,  according  as  the  motion  was  from 
the  centre  towards  the  extremities  of  the  arms,  or  from  the  extremi- 
ties towards  the  centre. 

Any  alteration  in  the  velocity  of  the  striaa  along  the  tube,   or 
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proper  motion  as  I  have  termed  it,  was  shown  by  a  corresponding 
alteration  in  the  cnrvaturo  of  the  spiral ;  and  any  intermittenoe  in  the 
discharge  by  a  dark  sector  in  the  field.  In  this  manner  the  whole 
behayionr  of  the  strieo  daring  their  brief  period  of  existence  was 
delineated  on  the  screen. 

The  following  are  some  of  the  general  condiisions  deriyed  from  the 
experiments  repeated  in  this  discourse. 

I.  The  thin  fiake-like  striie,  when  sharp  and  well  defined,  are 
either  short  liyed  or  have  little  proper  motion,  or  both. 

IL  The  apparent  irregularity  in  the  distribution  of  the  strie  as 
seen  by  the  eye,  is  due  to  their  unequal  duration,  and  to  the  yarious 
periods  at  which  they  are  renewed. 

in.  The  proper  motion  of  the  striaa  is  generally  directed  towards 
the  positive  terminal ;  and  its  velocity  varies  only  within  very  narrow 
limits. 

lY.  Flocculent  strie,  such  as  are  usually  seen  in  carbonic  acid 
tubes,  are  a  compound  phenomenon ;  and  are  due  to  a  succession  of 
short-lived  strie  which  are  regularly  renewed.  The  positions  at 
which  the  renewals  take  place  determine  the  apparent  proper  motion 
of  the  flocculent  striie. 

Y.  The  velocity  of  proper  motion  varies,  other  circumstances 
being  the  same,  with  the  diameter  of  the  tube.  This  was  notably 
exemplified  in  a  conical  tube. 

TX  When  the  proper  motion  exceeds  a  certain  limit,  the  strias 
appear  to  the  eye  to  be  blended  into  an  unbroken  column  of  light, 
and  all  trace  of  stratification  is  lost  The  mirror  will  in  many  cases 
resolve  this  column  into  its  component  strife,  but  not  in  all. 

The  discharge  from  a  Leyden  jar,  when  sufficiently  charged,  is,  as 
is  well  known,  continuous  through  its  entire  lengtii;  but  it  still 
exhibits  a  dissymmetry  in  extending  from  the  point  of  iJie  positive  to 
the  hilt  of  the  negative  terminal.  It  is,  moreover,  so  far  as  our 
present  instrumental  measurements  extend,  instantaneous,  and  cannot 
be  spread  out  by  a  revolving  mirror.  Lastly,  it  exhibits  no  trace  of 
stratification.  This  di£ference  of  e£fect  appears  to  depend  on  that  of 
tension.  This  was  established  by  some  experiments  described  in  the 
*  Proceedings  of  the  Eoyal  Society,'  1877,  vol.  xxv.  p.  73,  and  tend 
to  show  that  this  character  of  the  jar  discharge  is  due  to  tension. 

A  curious  illustration  of  this  was  shown  by  inserting  a  Leyden  jar 
in  a  loop  circuit  with  the  tube.  By  this  means  the  current  was 
divided ;  one  part  went  to  charge  the  jar,  whUe  the  other  part  went 
directly  through  the  tube.  As  long  as  the  tension  in  the  jar  re- 
mained below  a  certain  limit,  the  coil  alone  acted  in  the  tube ;  but  as 
soon  as  the  charge  in  the  jar  was  sufficient,  it  discharged  itself 
through  the  tube.  As  seen  in  the  mirror,  the  field  of  view  showed  first 
a  stratified  discharge,  and  then,  following  immediately  upon  it,  a  jar 
discharge  or  unbroken  line  of  light. 

It  is,  however,  impossible  to  convoy  any  adequate  idea  of  these 
phenomena  by  mere  description;  and  the  reader  who  desires  fuller 
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illustration  of  the  sobject  is  referred  to  the  figures  which  acoompuiy 
my  paper  in  the  '  Proceedings  of  the  Boyal  ^iety/  1877,  voL  xxy. 
p.  73. 

At  the  close  of  the  discourse  I  expressed  a  hope  that  it  might 
prove  possible  with  this  great  coil  to  photograph  the  image  of  the 
phenomena  here  described ;  and  I  am  glad  to  add  that  subsequent 
experience  tends  to  confirm  this  hope. 

[W.  8.] 
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WEEKLY  EVENING  MEETING, 

Friday,  April  20,  1877. 

William  Spottiswoodb,  Esq.  LL.D.  Treasnror  R.S. 
Secretary  B.I.  and  Vice-President,  in  the  Chair. 

Fbedebiok  Pollock,  Esq.  M.A. 
l^noza. 

The  commemoration  of  the  two  hundredth  anniversary  of  Spinoza's 
death  which  has  this  year  taken  place  at  the  Hague  has  produced  many 
signs  of  the  interest  taken  in  him  by  students  of  philosophy,  and  has 
also  stirred  up  new  interest,  one  may  hope,  among  some  who  are  not 
philosophers.  I  shall  now  endeavour,  without  going  into  a  critical 
exposition  for  which  the  time  would  be  insufficient,  to  tell  you  in 
outline  what  manner  of  man  Spinoza  was,  and  of  what  sort  was  the 
work  done  by  him  in  philosophy  which  has  had  so  great  an  influence 
in  the  world. 

It  may  seem  absurd  to  talk  of  the  influence  of  philosophy  in  the 
world  at  all.  It  is  a  common  notion  that  philosophy  is  a  sort  of 
intellectual  playground  where  people  who  have  a  taste  for  it  exercise 
their  wit  by  attempting  to  frame  answers  to  insoluble  questions,  and 
that  such  pastime  can  have  no  bearing  on  the  practical  conduct  of  life. 
I  might  answer  by  the  usual  generalities  about  the  power  of  thought 
in  human  affairs.  I  might  say  that  the  ideas  made  in  the  workshops 
of  the  philosophers  are  the  real  moving  forces  which  set  up  or  cast 
down  governments,  and  rule  the  issues  of  peace  or  war.  I  might 
say  that  the  only  complete  conquests  are  those  made  by  ideas ;  the 
sword  may  smite  and  destroy,  princes  and  rulers  may  grind  to 
powder,  but  thought  only  6an  dissolve.  But  I  choose  to  produce 
more  palpable  examples. 

I  first  ask  you  to  look  back  to  a  short  half  century  in  a  critical 
time  of  the  development  of  the  Roman  Empire.  It  was  the  time  when 
the  laws  and  institutions  which  have  lefb  an  abiding  stamp  on  the 
greater  part  of  the  civilized  world  were  being  expanded  from  a  muni- 
cipal to  a  cosmopolitan  scale.  It  has  been  described  by  the  greatest 
of  English  historians  as  "  possibly  the  only  period  of  history  in  which 
the  happiness  of  a  great  people  was  the  sole  object  of  government." 


Digitized  by  VjOOQIC 


864  JIfr.  Frederick  Pollock  [April  20, 

Daring  that  period  considerable  parts  of  the  world  enjoyed  beyond 
question  a  vastly  better  goyemment  than  they  ever  knew  before  or 
have  ever  known  since ;  and  not  only  was  happiness  procured  for  the 
generations  then  living  by  the  wisdom  and  virtue  of  their  rulers,  but  a 
step  was  thereby  made  good  in  the  civilization  of  mankind,  llie 
rulers  of  the  Empire  at  that  time  were  T.  Antoninus  Pius,  and  his 
adopted  son  M.  Aurelius  Antoninus,  sumamed  the  Philosopher. 

My  other  example  is  almost  from  our  own  times.  In  the  darkest 
hour  of  Germany,  when  her  life  and  freedom  seemed  hopelessly 
crushed  under  the  first  Bonaparte,  there  lived  and  taught  in  Prussia 
a  man  named  Fichte.  He  was  a  very  philosopher  of  philosophers,  a 
constructor  of  magnificent  theories,  a  dreamer  of  splendid  dreams 
surpassed  only  by  Plato's,  and  he  spoke  of  duty  and  patriotism  with  a 
voice  that  no  decree  of  Napoleon's  could  stifle.  Meanwhile  Scham- 
horst,  a  man  with  a  di£ferent  genius  of  his  own — the  inventor  of  the 
modem  Prussian  army — was  forging  the  weapon  of  deliverance. 
When  the  hour  struck,  Fichte  was  among  the  first  to  proclaim  it ;  he 
sent  forth  his  students  to  fight  for  Germany,  and  himself  died,  though 
not  in  battle,  yet  as  truly  for  his  country  as  if  he  had  fallen  on  the 
field.  More  than  this,  Schamhorst's  instrument  is  one  that  must  have 
intelligent  patriotism  to  work  it.  Fichte  was  among  the  foremost 
who  saw  the  need  of  a  national  system  of  education  for  Germany,  and 
this  dreamer  of  dreams  was  one  of  the  chief  actors  in  founding  the 
University  of  Berlin.  Years  passed  on,  and  there  came,  as  there  will 
in  all  great  works,  backsliding  and  disappointment;  and  men  said  again 
that  the  Germans  were  a  poor  dreamy  folk,  fit  for  nothing  but  music  and 
philosophy.  But  in  due  time  there  rose  up  another  man  whose  name 
was  Otto  von  Bismarck ;  he  is  no  philosopher  that  I  know  of,*  but  his 
gift  was  to  see  that  the  crop  Fichte  and  Schamhorst  had  sown  was 
full  ripe ;  and  he  set  to  his  hand  and  reaped  the  harvest  whose  fruit 
we  may  all  see  at  this  day.  These  particular  examples  are  not  taken 
at  random.  M.  Aurelius  Antoninus  was  the  disciple  and  zealous 
follower  of  the  Stoic  doctrine ;  and  the  Stoic  view  of  the  world  was 
strikingly  like  Spinoza's  on  its  practical  side.  As  to  Fichte,  his 
philosophy,  though  very  different  from  Spinoza's  as  a  whole,  is  full 
of  ideas  taken  from  him  or  suggested  by  him. 

Before  entering  on  Spinoza's  doctrine  it  may  be  well  to  give  a 
brief  summary  of  his  life.  He  was  born  at  Amsterdam  on  the  24th 
of  November,  1632 ;  his  parents  were  members  of  the  Portuguese 
synagogue,  a  community  founded  by  Jewish  exiles  from  Spain  and 
Portugal.  A  high  standard  of  knowledge  and  culture  prevailed  in 
this  Jewish  society,  and  at  an  early  age  Spinoza  was  learned  in  all 
the  wisdom  of  the  Babbis.  He  made  himself  thoroughly  familiar 
with  Latin  under  the  teaching  of  Dr.  van  den  Ende.  The  story  told 
by  his  first  biographer,  and  since  often  repeated,  of  his  love  for  Van 

*  Since  writing  this  I  have  seen  it  stated  that  Prince  Bismarck  was  at  one 
time  a  student  of  Spinoza. 
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den  Ende's  daughter,  and  his  rejection  in  favour  of  a  richer  suitor,  is 
now  known  not  to  be  true  in  that  form,  and  is  probably  mere  fiction. 
In  1656  he  was  excommunicated ;  a  proceeding  of  doubtful  policy,  and 
perhaps  even  of  doubtful  validity^  for  according  to  Jewish  law  such 
a  sentence  cannot  properly  be  founded  on  heretical  opinions  alone. 
Spinoza,  however,  did  not  dispute  it.  He  had  already  left  Amsterdam, 
where  an  attempt  on  his  life  by  some  nameless  fanatic  had  warned 
him  that  he  was  not  safe.  His  successive  dwelling-places  were 
Rhijnsburg,  near  Leyden  (1661),  Yoorbarg,  near  the  Hague  (1664), 
and  lastly,  the  Hague  itself  ^about  1670).  He  died  on  the  21st  of 
February,  1677.  He  was  well  known  to  men  of  letters  and  science, 
and  had  many  friends  among  them;  but  his  life  was  extremely 
retired.  He  never  taught  in  public,  and  his  chief  philosophicfd 
works  were  not  pubUshed  in  his  lifetime  at  all. 

Sources  of  Spinoza's  Philosophy, 

I  have  tried  to  show  the  chief  lines  of  deviation  in  the  annexed 
table.  First  in  the  order  of  time  came  the  Jewish  and  Arabian 
followers  of  Aristotle,  whose  importance  in  this  and  other  respects 
was  underrated  till  quite  lately.  These  men  were  the  schoolmen  of 
medisBval  Jewry  and  Islam.  Like  the  Catholic  schoolmen,  who 
drew  largely  from  them,  they  set  themselves  to  recast  the  doctrines  of 
current  theology  in  an  Aristotelian  mould.  Chief  among  the  Jewish 
school  were  Ibn-Ezra  and  the  great  Maimonides  (Moses  ben 
Maimon).  Their  predecessor  Avicebron  (Ibn-Gebirol)  had  a  curious 
late.  He  was  an  independent  thinker  who  constructed  a  system  of  his 
own,  chiefly  with  Neo-Platonio  materials.  His  speculations  were 
ill  received  by  his  own  people,  and  fell  into  such  oblivion  that  his 
very  name  in  its  native  shape  was  only  lately  recovered  by  the 
research  of  Dr.  Munk.  But  a  Latin  version  of  his  work  (Fons  ViicBi) 
became  current  in  Europe,  and  found  a  kindred  spirit  in  Giordano 
Bruno,  who  in  turn  passed  on  Avicebron's  ideas,  along  with  his  own, 
to  Spinoza.  In  later  times  at  least  one  Jewish  philosopher  was  found 
to  break  with  the  Peripatetic  tradition.  This  was  Chasdai  Creskas,  of 
Barcelona,  who  flourished  about  the  end  of  the  fourteenth  century. 
His  ideas  were  original  and  daring,  and  some  of  the  most  peculiar 
features  in  Spinoza's  philosophy  are  now  accounted  for  by  his  in- 
fluence.* 

The  Catholic  schoolmen  were  not  directly  known  to  Spinoza ;  but 
their  habits  of  thought  and  language  still  pervaded  philosophical 
writing,  and  Descartes,  though  he  rebelled  against  their  methods, 
oould  not  wholly  shake  off  their  influence.|  Through  Descartes,  as 
well  as  through  the  Jewish  philosophers  whom  the  schoolmen  them- 
selves had  followed,  Spinoza  got  much  of   the  scholastic  forms. 

*  Joel,  '  Beitriige  zor  Geschichte  der  Philosophie.'     Brefilaa,  1876.     J.  P. 
N.  Land, '  Ter  Gedaohtenia  van  Spinoza.'    Leiden,  1877.    (At  pp.  14,  51.) 
t  Land,  op,  cit  p.  15. 
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Descartes'  own  part  in  the  formation  of  Spinoza's  philosophy,  after 
being  for  a  long  time  overrated  beyond  measure,  is  perhaps  in  danger 
of  being  underrated  now.  Leibnitz  said  of  Spinoza  that  he  only 
cultivated  certain  seeds  sown  by  Descartes.  No  shallower  saying  was 
ever  uttered  by  a  man  of  genius;  but  it  is  doubtful  whether  the 
saying  was  even  honest.  Leibnitz's  systematic  depreciation  of  Spinoza 
can  under  all  the  circumstances  hardly  be  accounted  for  by  honest 
misapprehension.  The  differences  between  the  philosophy  of  Spinoza 
and  that  of  Descartes  are  of  a  radical  kind.  Spinoza  used  Cartesian 
terms  as  he  used  scholastic  terms ;  but  he  was  no  more  a  Cartesian 
than  he  was  a  schoolman.  There  is  no  doubt,  however,  that  the  study 
of  Descartes  gave  a  most  important  stimulus  to  Spinoza's  philo- 
sophic research,  and  had  much  to  do  with  settling  its  form  and 
direction.  Spinoza  himself  did  not  seek  to  extenuate  his  obligation. 
When  he  expressly  marks  (as  he  sometimes  does)  his  dissent  from 
Descartes,  it  is  in  a  decided  but  respectful  tone  such  as  he  does  not 
use  towards  other  opponents,  and  something  like  Aristotle's  manner 
in  speaking  of  Plato.  After  all,  it  is  a  task  of  not  very  profitable 
conjecture  to  measure  against  one  another  all  the  several  elements 
that  went  to  make  up  the  materials  of  a  great  nian's  work.  It  is 
enough  to  know  that  Spinoza  wrought,  as  all  men  must,  upon  the 
matter  given  him  by  the  conditions  of  his  environment ;  and  in  that 
environment  Descartes  certainly  filled  a  prominent  place. 

One  point,  however,  deserves  to  be  distinctly  noted ;  no  man  ever 
grasped  more  clearly  than  Spinoza  the  idea  that  a  philosophy  which 
professes  to  account  for  things  in  general  must  include  and  harmonize 
with  the  account  of  sensible  things  given  by  the  natural  sciences ;  it 
may  transceud  it,  but  it  must  not  contradict  it.  It  is  this  idea  Uiat 
has  enabled  philosophy  to  enter  on  a  new  life ;  and  it  is  just  this  that 
Spinoza  could  learn  from  Descartes,  and,  so  far  as  I  know,  from 
Descartes  alone.  His  application  of  it  was,  indeed,  a  very  different 
one. 

The  Principles  of  Spinoza's  Philosophy. 

It  is  for  many  reasons  extremely  difficult  to  explain  Spinoza's 
philosophy  in  any  language  but  his  own.  His  work  does  not  lend 
itself  to  any  of  the  current  phrases  with  which  we  are  accustomed 
to  label  systems  of  philosophy.  For  example,  it  is  easy  to  call  it 
Pantheism;  but  what  does  Uiat  tell  us?  Almost  nothing.  The 
Hindu  philosophers  are  pantheists  likewise,  and  so  were  the  Stoics, 
but  the  difference  of  their  systems  from  Spinoza's  and  from  each 
other  is  immense. 

Brahmanism,  tosether  with  its  overgrown  offshoot  Buddhism,  is 
hopelessly  remote  mm  our  Western  ways  pf  thinking  ia  the  very 
groundwork  it  builds  upon.  It  assumes  as  an  elementary  truth  that 
life  is  altogether  a  bad  thing ;  not  only  that  man's  life  is  unhappy,  but 
that  all  finite  existence  is  in  itself  an  evil  and  a  mistake,  and  that  con- 
sequently the  problem  set  before  man  id  the  world  is  to  escape  from 
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it  as  speedily  and  entirely  as  he  can.  This  dogmatic  pessimism  would 
be  almost  inoonceiyable  to  us  here  and  now,  had  not  certain  philo- 
sophers in  Europe  taken  up  with  it  on  their  own  account  quite 
recently. 

The  Stoics  held  the  very  opposite  belief.  For  them  the  uniyerse 
was  the  product  of  perfect  Reason,  and  as  such  was  perfectly  good : 
and  man's  wisdom  and  happiness  were  to  be  found  in  the  conviction 
that  nothing  could  happen,  however  hurtful  it  might  seem  in  par- 
ticular relations,  but  what  was  in  some  way  good  for  the  world. 
In  the  place  of  the  Oriental  pessimism  we  find  a  no  less  dogmaUc 
optimism, 

Spinoza  does  not  admit  either  of  these  opinions.  He  does  not  call 
the  universe  either  good  or  bad,  for  good  and  had  are  to  him  un- 
meaning terms  except  in  relation  to  the  welfare  of  some  individual 
or  kind.  But  he  holds  no  less  firmly  than  the  Stoics,  that  tho 
order  of  the  universe,  including  the  order  of  human  nature,  determines 
certain  conditions  for  man's  welfare.  It  is  in  man's  power  to  observe 
these  conditions,  and  thus  to  make  the  world  good  for  himself. 
Moreover,  Spinoza  holds,  in  distinct  opposition  to  Brahmaus  and 
Buddhists,  that  life  is  in  itself  a  good  thing,  or  rather  that  by  good 
we  really  mean  that  which  helps  us  to  fulness  of  life.  Thus  his  view 
of  the  world  might  be  called  a  rational  optimism. 

It  will  be  seen  that  a  common  term  which  includes  such  widely 
di£ferent  doctrines  is  really  little  better  than  illusory. 

The  really  important  truth  about  Spinoza's  way  of  thinking  which 
is  hinted  at  by  the  vague  term  Pantheism  is  this:  his  first  funda- 
mental idea  is  the  unity  and  uniformity  of  the  world.  This  had  been 
conceived  by  many  of  Spinoza's  forerunners  from  the  purely  specu- 
lative side,  and  notably  by  Chasdai  Creskas.  To  Descartes,  and  tiiere- 
fore  also  to  Spinoza,  the  same  idea  presented  itself  from  the  scientific 
side  on  grounds  of  physical  evidence.  Spinoza  seized  upon  the  idea 
in  both  aspects  at  once,  carried  it  out  into  its  fullest  development, 
and  made  it  the  groundwork  of  his  whole  philosophy.  This  distin- 
guishes him  from  Descartes,  who  declined  to  pursue  it  thoroughly. 

The  manner  in  which  Spinoza  works  it  out  shows  a  struggle  to 
express  scientific  ideas  in  scholastic  forms.  I  will  now  give  a  sort  of 
free  translation  of  Spinoza's  thought :  I  do  not  say  that  it  is  such  as 
he  would  have  given  himself,  or  that  it  was  present  to  his  mind  in 
anything  like  that  form.  But  we  are  not  thereby  forbidden  to  make 
it  for  our  own  use,  and  I  give  it  thus:  "You  have  here  scholastic 
terms  such  as  essence^  existence,  attrihuteSf  which  have  been  bandied 
about  for  centuries  without  acquiring  an  intelligible  meaning.  Yon 
have  here,  again,  the  scientific  idea  of  the  unity  and  uniformity  of  the 
world,  irresistibly  suggested  by  all  our  advances  in  knowledge,  and 
spreading  and  prevailing  day  by  day.  Sooner  or  later  no  comer  of 
the  universe,  not  even  the  inmost  recesses  of  human  thought,  will 
escape  from  its  dominion.  Therefore,  if  you  would  save  the  old 
terms  from  perishing  utterly,  you  must  breathe  new  life  into  them 
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by  means  of  the  scientific  idea."  So  far  my  own  modernized  version. 
What  follows  is  intended  to  be  tolerably  close  to  Spinoza's  own  way 
of  putting  bis  doctrine.  There  is  no  absolute  existence  but  in  the 
sum  of  all  things;  not  a  mere  addition  of  unlimited  parts,  but  an 
infinite  whole  from  which  the  parts  deriye  their  reality.  Things 
come  and  go ;  but  the  universal  order  is  one  and  infinite,  an  eternal 
unity  manifested  in  endless  variety.  Manifested,  but  how?  Sball 
we  say  that  reality  is  only  what  is  manifest  to  im,  and  make  man  the 
measure  of  all  things  ?  Or  shall  we  say  that  the  things  we  know  are 
not  the  real  things,  and  bewail  the  impotence  of  human  faculties? 
Not  so :  that  which  we  know  is  real,  but  it  is  not  all.  A  world  of 
thought  where  space  and  extension  have  no  meaning,  and  a  world  of 
extended  things  in  space  out  of  all  whose  atoms  not  one  thought  can  be 
built — these  we  know,  and  so  far  as  we  know  them  they  are  real.  But 
we  must  believe  in  endless  other  ways  of  existence,  to  us  inconceivable, 
and  differing  in  kind  from  thought  and  extension  and  from  one 
another,  even  as  thought  differs  from  extension.  We  cannot  conceive 
an  Infixiite  which  is  infinite  in  limited  ways.  Extension  and  Thought 
can  no  more  fill  up  the  sum  of  existence  than  an  infinitely  extended 
plane  could  fill  space.  They  are  only  two  of  the  infinite  attributea 
wherein  God,  the  one  eternal  self-existent  gubstance^  the  source  of  all 
reality,  brings  forth,  not  by  a  special  act  of  creation,  but  by  the  very 
fact  of  his  existence,  the  boundless  modes  of  being  which  infinite 
understanding  can  conceive.  This  magnificent  specmation  is  open  to 
grave  difficulties,  besides  the  impossibility  of  testing  it  by  experience, 
which  to  us  is  the  most  obvious  objection  of  all,  but  is  the  very  last 
that  would  have  occurred  to  any  philosopher  of  Spinoza's  time.  But, 
inasmuch  as  Extension  and  Thought  are  the  only  attributes  we  have 
to  do  with,  the  Infinite  Attributes  lie  outside  the  rest  of  the  system, 
whose  real  contents  (the  psychological  and  ethical  part)  are  not  affected 
by  this  singularity  of  form.  The  infinite  attributes  may  perhaps  be 
regarded  as  a  metaphysical  tour  de  force  devised  to  avoid  (if  we  may 
use  modem  terms)  the  dangers  of  Naturalism  on  the  one  hand,  and 
Subjective  Idealism  on  the  oSier. 

This  may  prepare  us  for  Spinoza's  treatment  of  that  vexed  question 
of  metaphysics,  the  relations  of  mind  and  matter.  We  are  all  aware 
of  two  series  or  classes  of  events  which  are  distinct  in  kind.  I  wish 
to  move  my  hand :  that  is  a  feeling,  as  we  say,  in  my  own  mind — an 
event  of  which  nobody  can  be  conscious  but  myself.  Each  of  you 
may  have  a  notion  of  it  by  the  analogy  of  what  you  have  known  in 
ffour  own  minds.  But  yon  can  never  have  direct  experience  of  it. 
My  wish  is  a  mental  event,  and  the  sum  of  all  events  of  that  class  is 
the  world  of  mind. 

Again,  I  do  move  my  hand.  That  is  an  event  which  happens  in 
space — yon  can  see  it  as  well  as  I,  or  in  certain  positions  better.  It 
is  in  some  way — we  do  not  now  stop  to  ask  how — ^part  of  your  expe- 
rience as  well  as  mine.  This  is  a  material  event,  and  the  sum  of  all 
events  of  that  class  is  the  world  of  matter. 

2  D  2 
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How  are  we  to  imagine  the  relation  between  these  two  trains  of 
eyents,  so  different  in  kind  and  yet  so  corresponding,  as  daily  ex- 
perience tells  ns,  in  nnmberlesd  ways  ? 

We  cannot  really  oonceiye  mind  as  acting  npon  matter,  or  matter 
npon  mind:  there  is  no  common  measure.  There  is  no  fellowship 
between  foot-pounds  and  emotion,  between  the  sensation  of  warmth 
and  the  mechanical  equivalent  of  heat.  One  thing  we  may  do  is  to 
giye  up  the  question  as  hopeless,  either  by  saying  plainly  that  we  can 
make  nothing  of  it,  or  by  saying  that  mind  and  matter  do  act  upon 
one  another,  but  how  they  do  so  is  a  mystery.  This  last  was  in  effect 
Descartes'  answer.  Leibnitz  started  the  fomons  doctrine  of  pre- 
established  harmony  (which  was  really  taken  from  Spinoza  with  a 
yariation  for  the  worse) :  mind  and  matter,  he  said,  are  like  two  clocks 
which  are  independently  wound  up  and  set  to  the  same  time,  and  are 
so  perfectly  made  that  they  keep  the  same  time  oyer  after.  But 
Spinoza  says  (to  keep  the  yery  rough  illustration  of  the  clocks), 
lliere  are  not  two  clocks  at  all,  but  one  clock  with  two  faces.  What 
we  call  mind,  and  what  we  call  matter,  are  manifestations  of  one  and 
the  same  reality— not  an  unknowable  reality,  for  it  is  known  in  the 
manifestations,  and  they  themseWes  constitute  the  reality — and  they 
correspond  just  because  the  reality  is  one.  Holding  this  yiew,  Spinoza 
holds  that  &e  correspondence  is  exact.  The  chain  of  mental  eyents 
is  matched  by  a  parallel  chain  of  material  eyents ;  but  no  link  in  the 
one  can  be  a  link  in  the  other.  There  can  be  no  material  cause  of  a 
mental  eyent,  and  oonyersely. 

Materialism — which  consists  in  mixing  up  the  two  classes  of 
eyents — is  utterly  foreign  to  Spinoza's  way  of  thinking. 

It  is  impossible  to  discuss  Spinoza's  position  here ;  and  I  may  say 
at  once  that  I  do  not  think  it  strictly  capable  of  demonstration.  But 
this  or  something  like  it  is  the  conclusion  to  which  the  study  of  life 
and  thought  aided  by  the  lights  of  modem  science — ^not  direct  light, 
for  the  question  is  not  one  which  physical  science  can  answer,  but 
not  the  less  by  important  side-lights — is  in  our  own  time  con- 
verging. For  this  I  call  to  witness  the  various  important  writings 
in  which  the  problem  has  been  treated  within  the  last  few  years  in 
our  own  country  alone  by  Mr.  Herbert  Spencer,  Mr.  O.  H.  Lewes, 
Mr.  Huxley,  and  Professor  Clifford. 

Spinota^B  Psychology. 

Having  fixed  his  leading  ideas  in  the  earlier  part  of  the  '  Ethics,' 
Spinoza  proceeds  to  apply  them  to  the  particular  consideration  of  the 
human  mind.  The  exact  correspondence  of  material  and  mental 
phenomena  is  expressed  in  the  proposition,  '^The  order  and  connexion 
of  ideas*  is  the  same  as  the  order  and  connexion  of  things "f — which 

*  Idea  is  with  Spinoza  the  nomen  geMraiiasimum  for  "  mental  state  "  (mode  of 
the  Attribute  Thought).  It  need  not  be,  and  often  is  not  a  state  of  conacumsiMtf 
or  a  state  of  human  mind  at  all.  f  Eth.  2,  Pr.  7. 
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does  not  mean  that  thought  is  the  measure  of  things  in  the  sense  of 
idealist  systems.  The  thing  oorresponding  in  "  order  and  connexion  " 
to  an  '*  idea  '*  in  my  mind  is  not  the  thing  1  think  about — or  of  which 
I  have  an  idea— but  the  state  of  my  bodily  organism  corresponding  to 
the  mental  state.  The  human  mind  is  an  exceedingly  complex  tlung 
made  up  of  simpler  mental  elements,  just  as  the  human  body  is  an 
exceedingly  complex  thing  made  up  of  simpler  material  elements.  * 
Spinoza  goes  on  to  state  the  law  of  mental  association  as  distinctly 
as  any  modem  psychologist,  and  also  states  that  there  is  a  physicid 
law  of  the  organism  corresponding  to  iif 

The  ethical  part  of  Spinoza's  doctrine  is  introduced  by  a  purely 
scientific  analysis  of  the  passions,  in  which  he  proposes  to  **  consider 
men's  actions  and  desires  just  as  one  would  consider  lines,  surfaces, 
or  solids."  As  to  the  scientific  value  of  his  results,  I  need  only 
appeal  to  Johannes  Miiller,  one  of  the  first  of  European  physiologists. 
When  Miiller,  in  his  classical  work  on  Human  Physiology,  came  to 
speak  of  the  passions,  he  expressed  himself  thus : 

'^With  regard  to  the  relations  of  the  passions  to  one  another, 
apart  from  their  physiological  conditions,  it  is  impossible  to  give 
any  better  account  than  that  which  Spinoza  has  laid  down  with 
unsurpassed  mastery.  In  the  following  statement  I  shall  therefore 
confine  myself  to  giving  the  propositions  of  Spinoza  on  that  subject.*'^ 
And  he  translates  accordingly,  without  further  criticism  or  comment, 
the  greater  part  of  the  Propositions  of  the  third  part  of  Spinoza's 
*  Ethics.'  I  know  of  no  other  case  where  science  has  been  able  to  accept 
in  this  unreserved  way  the  fruits  of  philosophy. 

Spinoza  reduces  the  passions  to  the  elements  of  pleasure,  pain, 
and  desire.  Pleasure  is  defined  as  the  passage  from  less  to  greater, 
pain  as  the  passage  from  greater  to  less  perfection:  which  is  curiously 
like  the  account  of  pleasure  and  pain  lately  given  by  Mr.  H.  Spencer 
on  biological  grounds— namely,  that  pleasure  is  originally  correlated 
to  actions  beneficial  to  the  organism,  pain  to  those  which  are  injurious 
to  it.  Desire  does  not  mean  for  Spinoza  a  desire  of  pleasant  things 
as  such.  AH  living  things,  whether  conscious  or  not,  have  appetite — 
a  physical  impulse  determined  by  the  universal  tendency  or  effort^ 
as  Spinoza  calls  it,  towards  self-preservation.  Desire  is  conscious 
appetite,  and  as  such  is  prior  to  the  voluntary  pursuit  of  pleasant 
things  as  pleasant.  Pleasure  and  desire  are  related  not  as  cause  and 
effect,  but  as  effects  of  a  common  set  of  causes  or  functions  of  the  same 
conditions.  Nothing  is  more  remarkable  in  Spinoza's  philosophy 
than  the  ease  with  which  these  conceptions  adapt  themselves  to  our 
later  theories  of  life  and  the  *'  struggle  for  existence."  It  is  hardly 
too  much  to  say  that  Spinoza's  notion  of  self-preserving  effort — "  the 
competence  to  be  " — has  been  all  this  time  only  waiting  to  be  filled  in 
by  Mr.  Darwin.    As  it  stands  in  the  *  Ethics,'  it  is  a  grand  conception 

♦  Eth.  2,  Pr.  15.  t  Eth.  2,  Pr.  17, 18. 

X  Miiller,  *  PhysioL  det  Menaohen,'  vol.  ii.  p.  543. 
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whiob  seems  insufficiently  oonnected  with  the  world  of  sensible  facts. 
The  theory  of  Evolution  has  put  it  in  gear,  so  to  speak,  with  the 
working  machinery  of  science,  and  filled  it  with  life  and  motion. 
Whether  by  fortune  or  by  insight,  Spinoza  left  a  gap  in  his  system 
at  exactly  tibe  right  place ;  and  it  is  no  small  part  of  a  philosopher's 
merit  to  leave*  questions  unanswered  which  cannot  be  answered  with 
the  materials  existing  in  his  own  time. 

Spinoza's  Ethical  Doctrine, 

Spinoza  places  the  foundation  of  moral  action,  as  of  all  action 
whatever,  in  the  self-preserving  effort.  "  The  foundation  of  virtue  is 
no  other  than  the  effort  to  maintain  one's  own  being,  and  man's 
happiness  consists  in  the  power  of  so  doing."  *  But  self-preservation 
does  not  lead,  as  might  be  supposed,  to  telfishness.  Spinoza's  morality 
is  neither  more  nor  less  egoistic  than  that  of  the  Stoics,  which  has 
often  been  called  impracticable,  but  never  selfish. 

The  principles  of  the  two  systems  are  in  fact  identical,  for  the 
Stoics  really  meant  by  ^'  following  nature  "  very  much  what  Spinoza 
meant  by  **  suum  esse  conservare."  And  the  consequences  of  these 
principles  run  so  closely  parallel  that  one  could  hardly  think  it  a  case 
of  pure  coincidence,  but  for  the  certainty  that  Spinoza  knew  little  and 
carod  less  about  Greek  philosophy. 

Every  man  seeks  and  must  seek  his  own  welfare ;  that  is  the  first 
law  of  our  moral  nature  in  the  scientific  sense  of  law — that  is,  a  uni- 
versal fact  which  you  cannot  get  rid  of.  But  it  is  part  of  the  same 
order  that  man  is  a  reasonable  and  sociable  animal.  He  cannot  be 
solitary  if  he  would.  Hence  the  only  true  self-preservation  of  man 
is  to  be  found  in  society ;  the  self-maintaining  effort  is  not  individual 
but  social.  The  desire  of  man's  nature  is  fulfilled  only  in  the  fellow- 
ship of  reasonable  men.  The  welfare  of  the  citizen  is  one  with  the 
welfare  of  the  city,  and  the  life  according  to  reason — a  favourite  ex- 
pression both  with  Spinoza  and  with  the  Stoics — is  a  life  devoted  to 
the  common  weal. 

We  have  seen  that  Spinoza  carried  out  without  exception  of  any 
kind  the  principle  of  the  uniformity  of  nature.  He  applied  it  to  the 
actions  of  men  no  less  than  to  the  motion  of  a  planet  in  its  orbit. 
The  question  is  naturally  asked,  does  this  not  crush  morality  under 
the  load  of  necessity,  and  drive  us,  if  we  really  accept  it,  into  mere 
fatalism  ?  We  have  no  room  here  for  any  but  a  practical  answer.  The 
Stoics  believed  in  universal  law  no  less  firmly  than  Spinoza,  and  the 
belief  did  not  destroy — there  is  no  evidence  that  it  weakened — their 
morality. 

The  sentimental  objection  to  the  doctrine  of  universal  order 
proceeds  in  great  measure  from  a  confused  notion  that  it  means  an 
arbitrary  destiny  imposed  upon  the  world  as  it  were  from  outside. 
But  this  is  not  what  Spinoza  and  the  Stoics  meant    They  believed  in 

♦  EUl  4,  Pr.  18,  Sohol. 
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uniformity — the  unbroken  "  reign  of  law" — as  the  yery  life  of  the  world, 
not  outside  it,  but  in  it  and  of  it.  Every  creature  is  part  of  this 
order  and  must  in  some  way  serve  it ;  but  man's  privilege  is  to  serve 
it  consciously  and  therein  find  his  happiness.  The  fool  serves  blindly 
and  against  his  will,  the  righteous  man  in  wisdom  and  gladness  of 
heart.  This  is  the  service  which  is  perfect  freedom,  to  fulfil  in  one's 
own  being  the  law  of  the  world,  which  for  man  is  the  law  of  peace 
and  righteousness,  of  love  and  fellowship.  The  man  who  in  our  own 
time  has  perhaps  best  understood  Spinoza,  and  done  most  to  make 
him  understood — I  mean  Berthold  Auerbaoh — has  summed  up  this 
thought  in  the  saying,  Frei  und  EtM  mU  dem  Oeseiz:  '^Freio  and 
made  one  with  the  law."  Freedom  is  thus  the  fruit  and  reward  of 
righteousness— nor  does  she  seek  any  other — and  the  wise  and 
righteous  man  alone  is  free.« 

From  Ethics  we  should  naturally  pass  on  to  Politics,  but  an  account 
of  Spinoza's  doctrine  on  that  subject,  which  offers  a  striking  parallel, 
not  without  contrasts  however,  to  that  of  Hobbes,  would  lead  us  far 
beyond  the  space  at  my  command.  I  proceed,  therefore,  to  a  rapid 
survey  of  the  fortunes  of  Spinoza's  philosophy  since  his  death. 

Spinoza^s  Influence^ 

To  give  a  complete  account  of  Spinoza's  influence  would  be  to 
write  the  history  of  a  great  part  of  modern  philosophy.  The  most 
notable  exception  would  be  the  English  school  down  to  the  end  of  the 
last  century,  which  showed  its  independence  of  Continental  thought 
in  this  as  well  as  in  other  ways.  Locke  entirely  neglected  Spinoza, 
taking  him  probably  for  a  sort  of  erratic  Cartesian,  Berkeley  was  to 
some  extent  acquainted  with  him,  but  was  prevented,  either  by  some 
similar  misconception  or  by  the  repute  of  atheism  which  then  attached 
to  Spinoza's  name,  from  giving  due  consideration  to  him.  Hume 
barely  mentions  him ;  and  if  his  knowledge  of  Spinoza's  philosophy 
had  been  more  than  a  slight  and  second-hand  one,  it  is  inconceivable 
that  he  should  not  have  seen  its  importance.  The  infinite  Attributes 
and  the  half  mystic  turn  of  the  last  book  of  the  *  Ethics '  might  have 
pleased  him  little,  but  the  excursus  on  Final  Causes  would  have  been 
after  Hume's  own  heart ;  nor  could  he  have  failed  to  welcome 
Spinoza's  attacks  on  the  logical  doctrine  of  universals  and  other 
cherished  traditions  of  the  schools.  What  is  true  of  Locke,  Berkeley, 
and  Hume,  is  also  true,  so  far  as  I  know,  of  the  English  philosophical 
literature  of  the  eighteenth  century  generally :  Spinoza's  name  is  not 
unfrequently  mentioned,  but  in  such  a  way  as  to  show  very  little  real 
knowledge  of  him.  The  writers  who  show  most  are  (a  strange  con* 
junction)  Clarke  and  Toland« 

In  Spinoza's  own  country  the  immediate  effects  of  his  teaching 
were  greater  than  is  commonly  known ;  I  do  not  mean  by  way  of 
reaction  alone,  though  in  this  manner  Europe  is  indirectly  indebted 
to  him  for  the  greatest  physician  of  the  last  century.  Boerhaave  was  in 


Digitized  by  VjOOQIC 


874  Mr.  Frederick  PoUoeh  [April  20, 

his  yonih  destined  for  ihe  ministry.  Hearing  Spinosa  violently  abased 
by  a  fellow-trayeller  one  day,  he  asked  the  speaker  if  he  had  ever  read 
Spinosa.  Though  he  was  in  &ct  no  follower  of  Spinosa,  he  got  by  this 
the  reputation  of  being  a  Spinosist,  and  seeing  his  prospects  of  eoole- 
8iasti<»l  advanoement  cut  off,  betook  himself  Uienoeforth  to  medicine. 

There  were  more  direct  consequences,  however,  of  a  very  curioos 
kind.  Not  long  alter  Spinosa's  death  there  sprang  up  in  the  Dutch 
Beformed  Ohurch  a  whole  tribe  of  heretics,  whose  doctrines  were 
founded  on  a  mystical  interpretation  of  Spinoza's  '  Ethics.'  Their 
opinions  were  repeatedly  and  expressly  condemned  as  Spinozistic; 
but  after  being  cut  off  from  the  Ohurch  they  survived  in  small 
dissenting  bodies,  of  which  remnants  are  said  to  exist  at  the  present 
day.  The  chief  names  among  their  leaders  are  those  of  Van  Hattem, 
(1641-1706),  and  Van  Leenhof,  who  in  1703  published  '  Heaven  on 
Earth,'  an  ethical  treatise  mostly  taken  from  Spinoza.* 

In  the  European  world  of  letters  Spinoza  was  entirely  misunder- 
stood and  neglected  for  the  best  part  of  a  centary.  Leibnitz,  the  man 
most  capable  of  doing  him  justice,  preferred  to  take  the  opposite 
course,  And  he  was  ill-treated  even  by  the  people  who  might  have 
been  expected  to  take  him  up  if  only  for  the  reason  that  he  was  hateful 
to  theologians.  He  fared  little  better  at  the  hands  of  Bayle  and 
Voltaire  than  at  the  hands  of  orthodox  apologists.  To  Lessing,  the 
founder  in  some  sort  of  German  literature  and  criticism,  belongs  the 
credit  of  having  seen  and  announced  Spinoza's  real  worth.  In  a 
certain  memorable  conversation  with  Jaoobi  he  said,  in  so  many 
words,  ''  There  is  no  philosophy  but  the  philosophy  of  Spinoza."  This 
and  much  more  came  out  after  Lessing's  death  in  a  long  correspon- 
dence between  Jacobi  and  Moses  Mendelssohn,  which  finally  degene- 
rated into  a  controversy.  After  the  report  of  that  one  conversation, 
the  record  of  all  this  is  now  of  little  interest ;  from  these,  however, 
and  from  other  letters  presewed  among  Lessing's  works,  the  fact 
comes  out  that  Lessing  thoroughly  understood  Spinoza,  and  had 
grasped  the  leading  points  more  firmly  than  many  of  Spinoza's  later 
critics. 

Meanwhile  (Joethe  too  had  found  out  Spinoza  for  himself,  and 
he  has  recorded  how  the  study  of  the  *  Ethics '  had  a  critical  effect  on 
the  development  of  his  character.|  And  his  statement  is  fully  borne 
out  by  the  witness  of  his  mature  work.  Groethe's  poems  are  full  of 
the  spirit  of  Spinoza ;  not  that  you  can  often  lay  your  finger  on  this 
or  that  idea  and  give  a  reference  to  this  or  that  proposition  in  the 
*  Ethics,'  but  there  is  a  Spinozistic  atmosphere  about  all  his  deeper 
thoughts.  There  is  a  set  of  speculative  poems  (Oott  und  WeU\  which 
gives  the  most  striking  instances ;  but  ^e  same  ideas  are  woven  into 

*  See  Van  der  Linde's  *  Spinoza,  Beine  Lehre  and  desBen  erste  Nachwli- 
kungen  in  Holland.'  Gottingen,  1862.  The  *  Bevw  des  Deux  Mondes '  for  July  15, 
1867,  contains  a  notioe  of  this  work  (inier  aiia)  by  M.  Paul  Janet. 

t  '  Aus  meinem  Leben,'  Book  14. 
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all  parts  of  his  work,  and  may  be  found  alike  in  romance,  tragedy, 
lyrics,  and  epigrams. 

The  influence  thus  started  in  philosophy  and  literature  spread 
rapidly.  Kants  great  work  in  philosophy  was  independent  of  it; 
but  a  strong  current  of  Spinozism  set  in  immediately  after  Kant,  and 
acted  powerfully  on  his  successors.  Fichte,  though  his  system  widely 
departs  from  Spinoza's,  had  obviously  mastered  his  philosophy  and 
felt  the  intellectual  fascination  of  it ;  and  many  of  his  metaphysical 
ideas  are  simply  taken  from  Spinoza.  Hegel  said,  "  Tou  are  much  of 
a  Spinozist  or  no  philosopher  at  aU."  So  Schelling  also  said  that 
no  one  could  arrive  at  philosophical  truth  who  had  not  once  at  least 
plunged  into  the  depths  of  Spinozism.  Novalis,  Schleiermacher, 
Heine,  and  many  others  have  spoken  of  Spinoza  in  words  of  enthu- 
siastic praise.  There  is  in  Germany  a  whole  recent  literature  of 
exposition  and  discussion  about  him,  which  is  fast  increasing,  and  to 
give  an  account  of  which  would  itself  need  a  monograph. 

In  France  the  prevailing  tone  of  philosophy  has  not  been  one 
that  accords  well  with  Spinoza ;  but  he  has  met  there  with  keen  and 
intelligent  criticism,  which  is  the  next  best  thing  to  intelligent 
admiration ;  and  the  beautiful  address  lately  deliverod  by  M.  Benan 
at  the  Hague  (besides  the  serious  attention  given  to  the  subject  by 
M.  Paul  Janet  *  and  others)  is  a  sufficient  proof  that  Spinoza  has  now 
at  least  found  a  response  in  the  highest  thought  of  France. 

In  England  Ooleridge,  in  this  as  in  other  things  the  advanced 
guard  of  the  peaceful  invasion  of  Grerman  culture  and  philosophy, 
spread  the  name  of  Spinoza,  and  much  of  his  ideas,  among  the 
friends  whom  he  delighted  by  his  conversation.  He  used  to  say 
that  the  three  great  works  since  the  introduction  of  Christianity 
were  Bacon's  'Novum  Organum,'  Kant's  'Eritik,'  and  Spinoza's 
'Ethics.'  Coleridge's  own  position  as  to  Spinoza  was  something 
like  Jacobi's ;  he  admired  and  honoured  him  without  accepting  his 
teaching.  It  may  well  be  that  some  part  of  the  Nature-worship  of 
Wordsworth's  poetry,  which  has  been  a  most  important  element  in  our 
later  English  literature,  was  derived  through  Coleridge  from  Spinoza. 
But  we  must  come  down  many  years  later  before  we  find  any  certain 
manifestation  of  this  part  of  Coleridge's  influence.  Those  who 
have  spoken  of  Spinoza  to  English  readers  as  he  deserves  to  be 
spoken  of  are  still  among  us  and  working  for  us.  We  have  Mr. 
G.  H.  Lewes'  various  articles  and  writings  on  Spinoza,  to  which  he 
has  given  a  finished  form  in  his  '  History  of  Philosophy.'  We  have 
Mr.  Fronde's  essay  on  Spinoza,t  perhaps  the  best  general  account  of 
his  doctrine  which  has  been  given  in  our  language  for  those  who  do 
not  make  philosophy  their  special  study.  There  is  Mr.  Mattiiew 
Arnold's  admirable  monograph  on  the  Tractatus  Theologico-Politicus,} 

*  See  his  paper  on  *'  French  Thought  and  Spinozism,"  in  the  '  Contempomry 
Review  *  for  May,  1877.  f  In  '  Short  Studies  on  Great  Subjects.' 

X  "  Spinoza  and  the  Bible,"  in  '  Essays  in  Criticism.' 
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whoee  only  fault  is  that  he  has  not  completed  it  bj  a  companion  piece 
on  the  '£thics.'  There  are  Mr.  Huxley's  contributions  to  pure 
philosophy,  which  do  not  treat  of  Spinoza  directly,  but  which — ^as 
well  as  Mr.  G.  H.  Lewes'  most  recent  work — have  done  much  to  put 
Spinoza's  fundamental  ideas  into  shapes  adapted  to  the  present  state 
of  our  knowledge.  Nor  are  other  signs  wanting  of  an  active  and 
increasing  interest  in  Spinoza  both  at  home  and  abroad. 

It  has  been  said  of  Spinoza  by  an  able  and  not  unfEdr  critic 
(M.  Saisset),  that  his  theory  was  after  all  but  a  system,  which  has 
passed  away  like  all  other  systems,  never  to  come  back.  It  is  true 
that  Spinoza  did  not  found  a  school,  and  had  few  or  no  disciples  in 
the  proper  sense.  It  would  be  difficult  to  name  anyone  who  ever 
formally  accepted  his  system  as  a  whole.  But  the  worth  of  a 
philosopher  to  the  world  is  measured  not  by  the  number  of  people 
who  accept  his  system,  or  by  the  failure  of  criticism  to  detect  logical 
flaws  in  it,  but  by  the  life  and  strength  of  the  ideas  he  sets  stirring 
in  men's  minds.  Systems  are  the  perishable  body  of  philosophy, 
ideas  are  the  living  souL  Judged  by  this  test,  Spinoza  stands  on  a 
height  of  eminence  such  as  very  few  other  thinkers  have  attained. 

It  is  singular  that  the  two  men  whose  thought  has  on  the  whole, 
perhaps,  had  the  most  signal  effects  in  modem  times  in  guiding  and 
stimuhiting  the  thoughts  of  others  on  the  highest  problems  of 
speculation,  have  both  been  members  of  that  race  which  has  under- 
gone more  reverses  and  sufferings  than  any  other,  only  to  rise  up 
again  and  again  with  fresh  proofs  of  its  marvellous  persistence  and 
vitality.  Their  lives,  conditions,  and  circumstances  present  to  the 
outward  view  the  most  striking  contrasts.  The  one  of  these  men 
was  a  retired  student,  who  never  left  his  native  land,  and  shrank 
from  the  distractions  of  public  office.  The  other  was  a  traveller,  an 
orator,  a  shaper  of  new  forms  of  society,  a  bom  ruler  of  men.  The 
one  compelled  men's  attention  by  the  steady  pressure  of  intellectual 
persuasion,  the  other  by  the  impidsive  stress  of  indomitable  zeal  and 
eloqaence;  the  one  showed  in  its  highest  manifestation  the  power 
of  reason,  the  other  the  power  of  faith.  The  unlikeness  is  great 
indeed;  yet  their  conduct  and  the  principles  which  animat^  it 
present  in  some  ways  a  likeness  which  is  hardly  less  remarkable. 
Each  of  these  men  was  on  the  point  of  rising  to  the  highest  distinc- 
tion that  in  his  country  and  time  could  be  attained  among  his  own 
people ;  each  of  them  without  hesitation  abandoned  his  fairest  pros- 
pects of  advancement  to  fulfil  the  duty  of  serving  the  truth  above 
all  things.  Both  were  accused  of  holding  opinions  that  stmck  at  the 
root  of  moral  and  social  order,  at  the  very  same  time  that  they  were 
proclaiming  in  the  strongest  terms  the  sacredness  of  the  bond  that 
holds  men  together  in  society,  and  the  duty  of  ungrudging  obedience 
to  civil  government.  Both  of  them  set  little  store  by  their  individual 
gains  or  losses,  but  also  held  it  the  duty  of  a  citizen,  for  the  sake  of 
the  common  weal,  to  resist  injustice  in  his  own  case  no  less  than  in 
another's,  and   wore  ready  to  act  on  that  conviction.     Reckoning 
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themselyes  as  they  did  the  serranta  of  the  truth,  they  taught  for  the 
truth's  sake  and  not  for  their  own,  and  eaoh  of  them  forbade  his 
friends  to  call  a  doctrine  after  his  name.  Though  cut  off  from  the 
protection  and  fellowship  of  their  own  law,  and  condemned  by  the 
professors  of  its  letter,  they  never  ceased  to  honour  the  spirit  of  it, 
and  they  both  fulfilled  the  precept  which  bids  the  teacher  live  by 
the  work  of  his  own  hands.  It  is  hardly  possible  for  a  man  to  con- 
sider seriously  the  profoundest  questions  of  life  without  at  some  time, 
and  in  some  measure,  taking  the  one  or  the  other  of  these  men  for 
his  master.  One  of  them  was  Baruch  de  Spinoza,  the  Jew  of 
Amsterdam,  afterwards  called  Benedict;  the  other  was  Saul,  the  Jew 
of  Tarsus,  afterwards  called  PauL 

[P.  p.] 
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WEEKLY  EVENING  MEETING, 

Friday,  April  27, 1877. 

Bib  W.  Fbbdibiok  Pollook,  Bart.  MJL  Yioe-Presideni, 
in  the  Chair. 

Jomr  Bab,  MJ).  LL.D.  M.RL  &o. 

Arctic  and  Sub-Arctic  Life, 

Abotio  life  on  land  has  this  well-known  pecoliarity,  that  from  the 
beginning  of  April  nntil  the  first  or  second  week  in  June,  and  in 
some  places  to  a  later  date,  every  living  thing  has  its  head  tnmed 
northward ;  the  reindeer,  the  musk-ox,  with  the  wolf  (in  close  atten- 
dance, with  deadly  intentions),  are  among  the  earliest  of  the  migrants, 
several  kinds  of  grouse  being  about  the  same  date.  Then  towards 
the  last  day  of  May,  or  early  in  June,  come  the  geese  and  other 
aquatic  birds  with  wonderful  regularity  as  to  date.  During  the  two 
springs  passed  at  Bepulse  Bay,  the  Hutchins  goose  (A,  HuUhinsii) 
arrived  on  the  one  occasion  on  the  8 1st  May,  and  the  other  on  the 
1st  June.* 

Then  come  the  lemmings,  travelling  atwayn  by  nighi^  sometimes 
in  great  numbers ;  not  one  of  which  would  have  been  seen,  were  it 
not  that  at  the  time  our  own  habits  were  nocturnal,  as  during  the 
day  they  were  hid  away  under  stones,  snow,  &c.,  wherever  they  could 
find  shelter.  There  also  were  flies  and  spiders,  lively  and  active, 
making  their  northward  progress  durmg  the  warmth  and  sun  of  the 
day,  but  lying  dormant  in  a  half  or  wholly  frozen  state  during  the  cool 
of  the  night. 

In  the  sea  I  had  not  equal  opportunities  of  observation,  but  I  do 
not  think  the  same  universal  northward  movement  takes  place  there ; 
certainly  no  such  southward  travel  of  marine  animals  was  observable 
in  the  autumn  as  was  noticed  on  the  land.  In  fact,  the  white  porpoise 
swims  northward  instead  of  southward  on  the  approach  of  winter,  in 
great  numbers  from  the  large  -rivers  of  Hudson's  Bay.  The  cause 
of  marine  animals  being  less  migratory  than  those  on  land,  may  be 
that  the  temperature  of  the  sea  is  much  more  equable,  never  varying 
more  than  eight  or  ten  degrees;  whilst  the  dii^erenoe  between  the 
atmospheric  temperatures  of  summer  and  winter  is  in  some  places  as 
much  as  130  degrees. 

It  had  been  my  intention  to  endeavour  to  mention  briefly  all  the 
Arctic  animals  that  have  come  under  my  notice,  but  this  I  find  to  be 

*  During  ten  years'  residence  at  Moose,  on  the  shores  of  Hadson's  Bay,  the 
first  Gansda  geese  were  always  first  seen  on  St.  George's  Day,  23id  AprU,  or 
once  or  twice  on  the  previous  day. 
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impossible  in  the  short  space  of  one  hoar ;  I  have  therefore  chosen  from 
among  them  a  few  only,  the  peculiarities  of  which  seem  to  me  of  the 
greatest  interest. 

The  first  among  these  are  the  musk-rat,  or  musquash  (Fiber  zehi- 
ihieiu),  and  the  beaver  (Castor  fiber\  the  two  house-building  fresh- 
water amphibia,  a  term  rather  improperly,  but  commonly,  applied  to 
these  animals. 

The  mmk^ai  is  found  everywhere  in  the  Hudson's  Bay  territory : 
wherever  there  are  low  marshy  places,  and  where  there  is  a  great 
growth  of  the  aquatic  plants  on  which  the  animal  feeds,  it  builds  its 
house  in  pools  of  water  several  feet  deep.  The  material  used  for 
building  is  mud,  weeds,  and  grass,  which  are  built  up  to  the  height 
of  about  four  feet,  in  the  form  of  a  small  haycock. 

The  floor  of  the  dwelling  is  a  few  inches  above  the  water  level, 
the  external  entrance  to  which  opens  frofti  underneath  the  water, 
of  necessity  near  the  bottom  of  the  pond,  for  were  it  anywhere  near 
the  surface,  it  would  be  frozen  up,  as  the  ice  forms  to  Uie  thickness 
of  one  or  two  feet  in  winter.  Besides  the  principal  dwelling,  a  number 
of  little  breathing  places,  or  lodges,  are  scattered  at  intervals  all  over 
the  pond,  at  distances  of  fifteen  or  twenty  yards  apart.  The  uses  of 
these  will  be  obvious,  when  I  mention  that  during  the  whole  winter 
of  five  or  six  months'  duration,  from  the  first  frost  to  the  disappearance 
of  ice  in  spring,  these  little  animals  obtain  all  their  food  from  the 
plants  growing  in  the  pond  under  the  ice.  As  the  winter  advances  the 
food  near  the  house  would  be  consumed,  and  the  rats  would  have  to 
extend  their  range  of  feeding  ground,  in  going  to  and  from  which  a  great 
deal  of  time  and  labour  would  be  expended ;  in  fact,  they  could  not  go 
to  any  very  great  distance,  as  the  period  they  can  live  without  breathing 
is  very  limited.  They  therefore  prepare  these  little  resting  places  all 
over  their  domain,  which  enables  them  to  get  without  difficulty  to  every 
part  of  it.  I  have  seen  one  of  my  men,  when  travelling  in  winter,  not 
unfrequently  gp  up  quietly  to  one  of  them,  knock  it  over  with  a 
sharp  blow  from  an  axe,  and  generally  find  a  rat  inaido,  with  some  of 
the  vegetable  substance  on  which  he  had  been  feeding  lying  beside 
him.  The  murdered  rat  on  such  occasions  usually  fbrmed  part  of 
our  supper.  The  musk-rat,  notwithstanding  that  it  has  numerous 
enemies,  and  is  constantly  hunted  by  the  Indians  and  others,  is  so 
prolific,  that  there  is  at  present  little  chance  of  its  becoming  extinct. 
Upwards  of  two  million  skins  are  usually  brought  to  London  every 
year  from  America. 

The  heaver  J  unlike  the  mmsk-rat,  always  selects  a  running  stream 
in  which  to  bmld  his  house,  and  to  make  his  dam.  In  choosing  the 
stream,  two  important  particulars  must  be  considered.  Care  must  be 
taken  that  there  is  a  constant  supply  of  water  from  a  spring  or  other 
source  during  the  whole  or  greater  part  of  the  winter,  and  that  there 
is  an  abundance  of  the  species  of  tree  on  the  banks,  the  bark  of  which 
forms  its  food.  Supposing  then  that  a  beaver  has  taken  unto  himself 
a  wife,  and  they  have  decided  to  set  up  house,  and  that  after  much 
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conBnltation  they  have  fixed  npon  a  favourable  position,  tbe  first  thing 
is  to  form  a  weir  or  dam,  which  is  accomplished  by  cutting  down  one 
or  more  trees  on  each  side,  in  snch  a  manner  as  to  fiJl  transrersely,  or 
nearly  so,  across  the  stream ;  many  of  the  branches  are  then  cut  0% 
and  placed  crosswise;  after  which  leaves,  mud,  stones,  and  pieces 
of  wood  are  accamnlated  on  these,  so  that  a  powerful  barrier  is  con- 
structed ;  it  is  left  a  little  lower  on  one  side  than  the  other,  so  that 
any  surplus  water  may  readily  escape. 

The  house-building  is  even  more  arduous  work  than  the  con* 
struction  of  the  dam,  the  materials  composing  it  being  mud,  clay, 
stones,  and  pieces  of  wood  several  inches  in  diameter,  put  together 
with  great  ingenuity,  the  walls  being  often  more  than  a  foot  thick,  a 
strength  absolutely  necessary  to  keep  out  their  most  determined  enemy, 
the  wolverine ! 

The  beaver  house  is  much  larger,  of  course,  than  that  of  the  rat,  and 
of  a  different  shape,  being  much  flatter,  and  wider  on  the  top  in  propor- 
tion to  its  height.  The  floor  is  so  phiced  as  to  be  an  inch  or  two  above 
the  level  of  the  top  of  the  overflow  part  at  the  dam ;  so  there  is  little 
danger  of  a  flooding  of  the  dwelling  similar  to  the  almost  periodical 
one  that  the  poorer  dwellings  along  the  Thames  are  sul^'ected  to. 
With  a  method  almost  to  be  expected  from  such  good  engineers,  there 
are  to  the  dwelling  at  least  two  doors,  presumably  one  for  entrance, 
tbe  other  for  exit,  the  external  opening  being  under  water,  close  to  the 
bottom  of  the  pond,  as  described  in  the  rat  house. 

Unlike  the  rat,  however,  the  beavers  do  not  build  up  little  huts  for 
breathing  places,  but  scrape  holes  in  the  banks  of  the  stream  instead, 
sloping  upwards,  so  that  although  the  entrance  is  deep  under  water, 
the  upper  or  farther  end  is  dry.  To  these  they  resort  for  feeding  and 
fresh  air,  when  the  food  is  at  a  distance  from  home,  or  when  an  enemy 
has  attacked  and  broken  into  their  dwelling. 

The  next  work  is  to  cut  down  and  haul  into  the  pond  a  number  of 
trees  (usually  the  poplar)  for  the  winter  stock  of  food.  These  trees,  in 
their  green  state,  are  heavier  than  water,  and  consequently  sink  to  the 
bottom.  As  the  bark  alone  is  eaten,  it  may  be  imagined  what  a  large 
supply  is  needed,  and  what  care  must  be  taken  that  a  su£Bcient  quan- 
tity is  stored  up,  otherwise  starvation  would  be  certain. 

For  at  least  six  weeks  or  two  months  of  the  autumn,  the  labours  of 
the  beaver  must  be  very  severe  (as  is  indeed  indicated  by  their  being 
then  in  somewhat  poorer  condition  than  at  other  times),  and  most  of 
their  work  is  done  in  the  night. 

One  thing  has  puzzled  naturalists,  and  that  is,  what  is  the  use 
of  the  beaver's  curiously-shaped  tail?  Some  people  have  asserted 
that  it  is  used  as  a  trowel  for  plastering  and  smoothing  the  mud  of  its 
dwelling  I  I  do  not  think  this  is  so ;  but  one  use  for  it  I  do  know ;  and 
that  'is,  to  give  an  alarm  on  the  approach  of  real  or  supposed  danger. 
When  crossing  the  Bocky  Mountains,  I  tested  this  over  and  over 
again  in  calm  nights,  when  listening  to  these  industrious  creatures 
hard  at  work  at,  no  doubt^  some  kind  of  useful  and  necessary  labour. 
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On  intentionally  making  a  noise,  there  was  instantly  a  sharp  report 
like  a  pistol  shot,  certainly  eansed  by  the  tail  being  brought  forcibly 
down  on  the  water;  after  which,  for  an  hour  or  more,  there  was 
perfect  silence ;  not  the  slightest  signs  of  the  work  being  resumed 
could  be  heard.  As  the  beavers  carry  the  mud  and  clay  for  their 
house-building  in  their  fore  paws,  while  walking  on  their  hind  legs,  it 
is  probable  that  the  tail  forms  a  good  support  for  the  animal  when 
in  an  upright  position,  at  least  in  preventing  it  falling  backwards. 

As  the  whole  winter,  of  perhaps  180  days'  duration,  is  passed 
by  the  beaver  in  this  house  in  total  darkness,  or  in  swimming  abroad 
for  food  or  exercise  in  his  dam,  where  some  amount  of  light  may 
penetrate  through  the  two  or  three  feet  of  snow  and  ice  above  him, 
we  must,  in  imagination,  believe  that  the  home-life  of  the  beaver  in 
winter  is  dismal  in  the  extreme ;  yet  the  appearance  of  the  animal 
when  killed  at  this  season  does  not  warrant  us  in  coming  to  this  con- 
clusion, for  he  is  found  to  be  in  splendid  condition,  both  as  regards  his 
corporal  state,  and  the  beauty  and  thickness  of  his  fur. 

When  the  family  increases  and  becomes  too  large  for  the  house,  a 
portion  of  them  leave  their  old  habitation,  and  if  there  are  still  suffi- 
cient trees  of  the  proper  kind  for  food  in  the  neighbourhood,  these 
ofGshoots  build  a  new  dwelling  on  the  old  homestead ;  but  if  the  food- 
producing  tree  is  becoming  scarce,  there  is  a  migration,  generally 
down  stream,  when  a  new  dam  is  formed,  a  new  house  built,  and 
another  colony  established ;  and  so  the  work  goes  on  and  on  as  long 
as  the  beavers  are  not  destroyed  by  their  enemies.  The  immense 
amouut  of  their  labours,  and  the  large  quantity  of  trees  cut  down  by 
them,  can  alone  be  estimated  by  persons  who  have  travelled  through  a 
country  that  is  or  has  been  much  occupied  by  them. 

A  beaver  sometimes  separates  himself  from  his  kind,  and  leads  a 
wandering  solitary  life.  He  is  usually  of  large  size,  as  may  be  told 
by  the  markings  of  his  teeth  on  the  trees  he  has  been  cutting,  and 
is  generally  met  with  along  the  banks  of  large  rivers  such  as  the 
McEenzie  and  Fraser,  in  passing  down  which  his  roughly  made 
bachelor  establishment  may  be  seen  in  some  little  eddy  of  the 
stream  where  there  is  a  small  indent  in  the  bank.  How  or  where  he 
lays  up  his  winter  stock  of  food  I  am  unable  to  tell ;  for  he,  like  the 
more  orderly  members  of  the  family,  is  never  seen  during  the  winter. 

There  is  one  circumstance  Connected  with  beaver  life  that  cannot 
be  easily  explained.  The  house  in  which  he  lives  appears  to  be  as 
impervious  to  air  as  it  is  to  light,  and  when  the  family  amounts  to 
six  or  eight  there  cannot  be  more  than  a  cubic  yard  of  air— if  so  much 
— ^to  each  individual !  This  quantity  must  last  for  twenty  weeks  or 
more  without  change  or  purification  of  any  kind  that  I  am  aware  of, 
unless  indeed  the  water  has  the  quality  of  re-oo^dtstn^  and  decar- 
bonizing the  air  that  has  been  rendered  impure  by  constant  respira- 
tion.   Probably  the  clay  and  mud  are  to  a  certain  degree  porous.* 

*  That  the  clay  and  mud  were  sufficiently  porous  to  admit  air  was  suggested 
to  me  by  the  distinguished  physicist,  Professor  Guthrie,  F.R.S.,  of  the  educational 
department  of  the  Sonth  Kensington  Museum. 
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Each  Indian  or  family  of  Indians  has  special  hunting  grounds^ 
the  boundary  of  which  is  almost  as  well  defined  as  a  gentleman's 
estate ;  and  any  hunter  who  killed  a  beayer,  or  destroyed  the  beayer 
house,  on  the  lands  of  another,  would  be  considered  guilty  of  an 
aggrayated  offence,  and  of  a  disreputable  act  of  poaching. 

The  fox  family  are  curious  as  to  their  relations  to  each  other, 
and  for  their  wonderful  sagacity.*  Their  skins  differ  widely  in 
appearance,  and  also  in  yalue ;  that  of  the  silyer  fox  has  been  known 
to  sell  in  London  at  as  much  as  45Z.  or  50Z.  for  one  skin,  whilst  the 
usual  yalue  of  that  of  the  red  fox  is  not  more  than  20«.  or  25s.  Yet 
these  two  yarieties  may  be  the  produce  of  one  litter.  The  silver  is  the 
rarest,  the  cross  next,  and  the  red,  no  doubt  the  normal  colour,  far  the 
most  common.  The  white  and  blue  or  sooty,  differ  so  yery  much  in 
appearance,  that  they  are  supposed  by  many  to  be  distinct  from  each 
other,  or  that  the  dark  skin  is  that  of  the  white  fox  in  its  summer 
clothing.  This  is  not  the  case ;  for  both  of  these  are  winter  skins  in 
a  high  state  of  perfection,  and  the  blue  one  is  only  a  yariety,  and  may, 
like  the  other  foxes,  be  in  the  same  litter  of  young  with  the  white. 
The  blue  is  much  more  rare  than  the  white,  and  of  much  greater 
yalue. 

I  haye  only  time  to  mention  two  cases,  showing  what  I  call  the 
reasoning  powers  of  the  fox.  A  steel  trap,  set  in  a  peculiar  manner,  is 
a  yery  common  mode  of  catching  foxes ;  but  there  are  certain  of  these 
animals,  probably  taught  by  haying  seen  others  of  their  kind  entrapped 
by  this  means,  which  elude  all  tiie  efforts  of  the  trapper,  who  then 
resorts  to  another  plan.  A  gun  is  set,  with  a  line,  one  end  of  which  is 
attached  to  the  trigger,  the  other  to  the  bait,  generally  some  odorous 
substance.  The  line  for  seyeral  yards  next  to  the  bait  is  carefully 
ooyered  up  with  snow,  so  that  tiie  fox  cannot  see  any  connection 
between  the  bait  and  the  gun ;  usually  one  or  more  foxes  are  readily 
shot  in  this  manner,  but  afterwards  something  like  this  not  unfr&- 
quently  happens.  The  trapper  finds,  when  he  yisits  his  gun  in  the 
morning,  that  the  line  is  cut,  the  bait  gone,  and  the  gun  undischarged. 
To  show  that  this  is  not  a  chance  £ing,  I  may  notice  another  plan 
by  which  the  bait  is  taken  away  in  safety.  The  guns  are  usually 
set  in  some  out-of-the-way  place  on  a  deep  snowdrift,  into  which, 
beginning  about  a  yard's  distance  from  the  bait,  the  fox  scrapes  a 
trench  a  foot  or  so  deep  to  where  the  bait  is.  While  lying  in  this 
trench  he  takes  hold  of  it,  sets  the  gun  off^  and  trots  off  coolly  with 
his  supper.  In  both  cases  we  see  the  tracks  of  the  fox  on  the  snow, 
indicating  his  evidently  careful  and  cautious  approach,  before  cutting 
the  line ;  by  his  constant  custom  of  dcraping  his  trench  at  right 
angles,  or  nearly  so,  to  the  direction  in  which  the  gun  is  pointed 
(for  if  he  did  it  in  the  same  line,  the  shot  would  be  likely  to  hit  him), 
whilst  the  snow  is  ploughed  up  by  the  shot  immediately  over  where 
he  had  been  lying  in  his  trench,  and  exactly  where  his  head  would 

*  Bed  fox  (^Vulpes  fulvua%  croBB  fox  (K  decussatus),  silver  fox  (F.  arffetUatui), 
Arotio  fox,  white  (  K.  lagojms),  Arctic  fox,  blue  (F.  fuligmosus). 
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have  been  had  he  taken  the  bait  in  the  manner  he  was  expected  to  do, 
there  is  demonstration  of  forethought  and  reason. 

Whilst  travelling  in  1851  along  the  shores  of  Wollastonland, 
I  fell  in  with  a  number  of  hares  feeding  on  a  piece  of  ground  which 
the  sun  had  denuded  of  snow  (I  had  approached  without  being  seen) ; 
and  while  waiting  patiently  to  get  two  or  three  of  the  hares  in  a 
line,  so  as  to  bag  more  than  one,  I  noticed  one  animal  that  looked 
di£ferent  from  the  others,  yet  wonderfully  like,  but  the  ears  were  not 
so  long,  nor  the  tips  of  them  black,  like  those  of  the  hare.  In  every 
other  respect  the  likeness  was  complete.  This  proved  to  be  a  whito 
fox  that  had  tucked  his  long  bushy  tail  underneath,  hopped  about, 
and  sat  up  occasionally  on  his  hind  legs  exactly  as  his  companions 
did,  always  edging  nearer  and  nearer  to  them ;  but  the  hares  appeared 
aware  of  the  deception,  for  they  usually  moved  away,  but  not  rapidly, 
or  as  if  much  alarmed.  The  fox  was  not  within  shot,  so  when  I 
fired  and  bagged  three  hares  he  scampered  off. 

There  are  two  kinds  of  reindeer  (Cervus  tarandus) ;  the  one  fre- 
quenting the  woods,  the  other,  a  much  smaller  variety,  occupying  the 
barren  grounds  of  America.  This  last  migrates  far  to  the  north  in 
spring  and  summer,  returning  to  its  winter  home  on  the  barren  lands 
in  September  and  October.  This  deer  is  to  the  northern  Indians  of 
these  parts,  and  to  many  of  the  Eskimos,  as  much  a  necessity  of  life 
as  the  seal  is  to  the  Eslamos  of  Qreenland.  The  skin  of  the  animal, 
in  different  modes  of  preparation,  forms  the  clothing,  shoes,  blankets, 
and  tento,  and  even  the  cords  with  which  the  animd  itself  is  snared. 
Their  venison  constitutes  the  principal  meat  diet,  and  the  contcnto  of 
their  stomach  the  only  substitute  for  bread  and  vegetables  of  these 
people. 

The  female  reindeer  have  horns  (an  unusual  circumstance),  and 
those  of  the  full-grown  male  have  a  peculiar  brow  antler,  which  has 
led  to  a  very  curious  error ;  for  it  has  been  represented,  at  no  very 
distant  time,  that  this  palmatod  branch  of  the  horn  was  a  sort  of 
natural  shovel  to  scrape  away  the  snow  from  the  grasses  and  lichens 
on  which  the  animal  feeds.  Yet  it  cannot  be  so,  as  these  horns  are 
shed  in  November,  and  during  the  whole  winter  the  old  male  reindeer 
has  no  horns  at  all,  whilst  the  female  and  young  males  retain  their 
horns  (which  have  no  palmated  branches)  all  winter,  and  do  not  shed 
them  until  about  May  or  June.  The  reindeer  when  feeding  in  winter 
invariably  uses  ito  foot  to  remove  the  snow.  They  migrate  as  far  north 
as  Banks  Land,  Melville  Peninsula,  and  to  the  Parry  Islands ;  but  I 
believe  that  many  of  them  winter  at  the  latter.  They  are  killed  by 
the  Indian  in  various  ways,  by  snaring  and  with  the  gun,  formerly 
with  bows  and  arrows ;  they  are  also  speared  in  great  numbers  when 
crossing  rivers. 

By  the  Eskimos  they  are  also  speared  in  crossing  lakes,  as  already 
mentioned,  shot  with  bows  and  arrows,  and  caught  in  pitfalls  dug  out 
in  the  deep  snowdrifts  in  spring.  It  is  surprising  that  the  Indians 
have  never  domesticated  this  docile  animal,  as  the  Lapps  and  Thuchi 
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have  done,  as  they  are  easily  tamed.  Tbe  only  hindrance  to  their 
doing  this  is  the  superstition  of  the  savage,  who  thinks  that  were  he 
to  do  so,  various  misfortunes  would  happen  to  him  and  his  people. 

I  know  of  only  three  Arctic  animals  that  hibernate :  there  may  be 
more.  One  is  the  marmot,  which  burrows  deeply  into  some  dry  Imuk, 
and  there  has  his  winter  bed.  Most  of  these  clever  little  fellows  take 
np  their  quarters  during  the  summer  among  rocks  and  stones,  where 
they  are  safer  from  their  many  enemies. 

The  next  I  shall  mention  is  a  brown  hear  (  Urgus  arctos),  resembling 
in  colour  the  grizzly  bear  of  the  Bocky  Mountains,  nearly  as  large,  but 
differing  in  having  shorter  legs.  This  animal  feeds  on  roots,  marmots, 
lemmings,  and  all  kinds  of  carrion ;  robs  deposits  of  provisions  as  dexte- 
rously as  tbe  wolverine ;  and  at  the  beginning  of  winter  stows  himself 
in  a  snug  hole  in  the  earth,  where  he  sleeps  away  five  or  six  months  of 
his  life  every  season,  the  door  of  his  bedroom  being  shut  up  with  snow 
that  has  drifted  over  it,  and  keeps  him  warm.  My  acquaintance  with  this 
animal  is  so  slight  that  I  can  tell  little  more  about  him.  I  endeavoured 
frequently  to  get  a  skeleton  of  this  bear,  but  failed,  because  the  Indians 
have  a  superstition  about  its  being  unlucky  to  preserve  the  bones,  or 
at  least  all  of  them,  of  any  single  animal. 

The  female  white  bear  (  U,  maritimus)  also  hibernates  under  certain 
oiroumstances,  whilst  the  male  roves  about  all  winter  from  one  sheet  of 
open  water  to  another  in  search  of  its  constant  prey,  th^  small  seal, 
which  forms  the  bear's  chief  food.  They  also  kill  the  walrus,  and  the 
white  whale  (Belitga)  occasionally.  The  latter  sometimes  defers  too 
long  his  voyage  to  the  open  water,  where  he  spends  the  winter,  and 
is  caught  by  frost.  Under  these  circumstances,  he  is  obliged  to  keep 
a  breathing  place  open  in  the  ice  by  constantly  rising  to  breathe.  As 
he  has  generally  only  one  of  these  places,  he  cannot  go  to  breathe 
elsewhere,  so  if  the  bear  finds  one  of  these  holes,  all  he  has  to  do 
is  to  watch  this  opening,  and  every  time  the  porpoise*  comes  to 
breathe,  the  bear  fastens  upon  him,  and  by  repeated  attacks  kills  him. 

The  only  seal  (Phoca  vehUina)  1  shall  speak  of  is  the  small  one, 
frequently  called  by  the  sealers  the  '^floe-rat.*'  It  is  abundant  in 
Bepulse  Bay,  particularly  in  the  autumn  ;  and  when  the  sea  began  to 
freeze,  it  was  interesting  to  watch  them  keeping  breathing  holes  open, 
in  doing  which  they  seemed  to  splash  about  the  water  much  more  than 
at  first  appeared  requisite,  until  an  examination  of  one  of  these  places 
led  me  to  discover  the  cause.  We  all  know  that  the  specific  gravity 
of  ice  is  only  so  little  less  than  that  of  water,  that  ice  six  inches  thick 
floats  with  certainly  not  more  than  one  inch  above  the  surface. 

I  found,  on  going  to  one  of  these  breathing  places,  that  by  the 
accumulation  of  broken  ice  and  water  thrown  out  by  the  seal,  the  ice 
was  twelve  inches  thick,  whilst  only  six  inches  elsewhere,  and  that 
round  the  opening  it  was  about  seven  inches  above  the  surface.     The 

*  Tliis  cetacean  is  aa  frequently  called  a  porpoise  as  a  whale,  and  it  is  of  its 
skin  that  the  much  valued  porpoise-leather  boots  are  often  made. 
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advantage  of  this  laised  ioe  was  apparent  on  the  first  fall  of  snow 
occurring,  which,  if  of  the  depth  of  only  half  an  inch,  was  drifted  by 
the  wind  into  the  opening,  and  the  seal's  head  was  not  seen  again,  he 
having  been  able  to  make  a  small  air  chamber  nnder  the  snow,  which 
had  the  double  effect  of  concealing  him  from  his  enemies,  and,  by 
keeping  off  the  cold,  preventing  the  opening  from  freezing  up  so 
readily.  I  believe  each  seal  has  two  or  more  of  these  breathing 
places,  beoaose  if  he  had  only  one,  his  death  wonld  be  certain  if  his 
enemy,  the  bear  or  Eskimo,  fomid  that  ono. 

Daring  winter  the  female  seal  scrapes  ont  a  little  house,  in  which 
she  has  her  yoang  seal  beside  her,  protected  as  far  as  possible  by  a  good 
covering  of  snow  from  cold  and  danger.  The  chief  food  of  this  kind 
of  seal  in  Bepnlse  Bay  is  a  small  crustacean,  somewhat  resembling  a 
shrimp  in  shape,  of  the  family  named  '<  Grammarus,"  which  are  in  such 
myriads,  that  the  water  seems  thick  with  them.  On  opening  the 
stomachs  of  seals  and  salmon,  I  always  found  that  these  formed  the 
chief  contents. 

The  EMmoB  may  be  fairly  classed  into  three  great  divisions. 
Those  from  the  McEenzie  river  westward  to  Behring  Strait,  live  in 
houses,  or  Ig-loos,  built  of  wood;  those  from  the  McEenzie  east- 
ward to  the  shores  of  Hudson's  Bay,  live  in  huts  constructed  of 
snow ;  and  those  of  Greenland  have  dwellings  made  of  earth,  stones, 
bonesy  &q. 

Some  anthropologists  believe  that  the  Eskimos  migrated  from  .the 
north  to  their  present  position,  being  driven  thereto  by  a  gradually 
increasing  severity  of  climate  and  scarcity  of  game  in  the  higher 
latitudes.  Others,  among  whom  is  the  distinguidied  Dr.  Bink,  think 
that  the  Eskimos  are  American,  and  came  to  the  coast  from  the  south. 
The  third,  and  perhaps  most  popular  idea,  is  that  they  migrated  from 
Siberia,  which  I  believe  to  be  the  true  locality  from  which  their 
exodus  took  place. 

At  three  pUices  on  the  American  coast,  far  apart  from  each  other, 
where  I  have  seen  the  Eskimos,  I  learnt,  through  an  excellent  inter- 
preter, that  they  had  a  tradition  of  having  come  from  the  west,  or  setting 
sun,  in  doing  which  they  had  crossed  a  narrow  sea  separating  the  two 
great  lands.  Driven  out  probably  from  Asia  by  some  great  pressure, 
and  finding  on  reaching  America  that  their  advance  southward  into  the 
interior  was  barred  by  numerous  and  hostile  Indians,  they  were  forced 
to  migrate  eastward  along  the  sea-shores,  and  thus  gradually  extend 
themselves  to  the  coasts  of  Greenland  and  Labrador,  still  retaining 
their  language  with  so  little  variation,  that  an  interpreter  from  the  shores 
of  Labrador  can  make  himself  perfectly  understood  by  the  natives  living 
west  of  the  McEenzie,  several  thousand  miles  apart. 

K  the  theory  of  the  migration  from  Siberia  be  true,  a  curious 
sequence  of  events  takes  place.  On  the  shores  of  Siberia  the  winter 
houses  of  these  people  were  constructed  chiefly  of  earth,  stones,  and 
bones.  These  bones  show,  by  their  size  and  shape,  that  large  marine 
animals,  whilst  forming  a  great  part  of  the  Eskimo's  food,  would  yield 
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abundance  of  oily  snbstanoe  for  light  and  fuel  to  warm  these  Tonrts 
or  dwellings. 

When  tiie  Eskimos  crossed  to  America,  they  found  large  quantities 
of  driftwood,  and  they  (being  from  my  own  knowledge  wonderfully 
adaptive)  built  their  houses  of  wood,  but  did  not  use  it  for  fuel ;  even  to 
the  present  time  (aoeording  to  Br.  Simpson)  burning  oil  in  stone  lamps 
for  heat  and  light ;  whales,  walrus,  and  seal  being  easily  obtainable. 

East  of  the  McEenzie  there  is  little  or  no  wood  to  be  found,  there 
are  no  walrus,  and  comparatiyely  few  seals  and  whales,  and  the  chief 
food  of  the  Eskimos  here  is  deer,  musk  cattle,  and  fish,  which  yield  no 
oil.  Here,  then,  they  cannot  build  a  house  of  wood,  because  they  have 
not  the  materials.  If  they  made  a  house  of  the  same  kind  (of  stone, 
earth,  and  bones)  as  they  dwelt  in  on  the  shores  of  Siberia,  they  would 
haye  no  fuel  to  warm  it.  They  therefore  take  the  very  wisest  step  they 
could  possibly  adopt,  and  build  a  hut  of  snow,  which  without  ^el  is 
warmer  than  any  other.  These  snow-hut-building  Eskimos  extend  all 
the  way  eastwaid  to  Hudson's  Bay ;  but  when  Baffin's  Bay,  Greenland, 
and  Hudson's  Straits  are  reached,  Uie  form  of  house  used  in  Siberia  is 
again  resumed.  The  cause  seems  sufficiently  apparent,  for  the  wan- 
derers have  now  again  come  to  seas  teeming  with  marine  life  of  abnost 
the  same  forms  as  were  found  on  the  shores  of  Siberia,  from  which  they 
obtain  oil  enough  for  lighting  and  heating  these  otherwise  wretched 
dwellings. 

It  is  of  the  life  of  the  snow-hut  Eskimos  that  I  shall  now  speak,  as 
I  know  more  of  them  than  of  any  other.  In  size  they  are  by  no  means 
so  dwarfish  as  is  generally  supposed,  being  taller,  I  believe,  than  the 
average  Chinaman  or  Japanese,  whom  they  very  much  resemble  both 
in  face  and  figure.  They  are  of  great  solidity,  their  defect  of  height 
arising  from  the  shortness  of  their  legs  and  neck.  Their  faces  are 
pleasant,  especially  among  the  young;  and  all  the  young  girls  and 
women  have  very  fine  teeth,  and  remarkably  small  feet  and  hands,  the 
latter  becoming  coarse  and  clumsy  after  a  time,  by  working  up  seal  and 
other  skins  into  a  condition  fitted  to  make  dresses,  (&c. 

The  duties  of  the  women  are,  however,  not  very  arduous ;  and  they 
are,  as  far  as  I  have  seen,  treated  with  great  kindness  by  their  husbands, 
showing  in  this  respect  a  remarkable  contrast  to  the  Red  Indian  of 
America.  The  woman's  duty  is  to  attend  to  and  trim  the  lamp  [of  which 
a  sample  was  shown],  and  to  cook  when  there  is  cooking ;  but  as  they 
prefer  their  venison  and  fish  raw,  this  does  not  occupy  much  of  their 
time ;  they  prepare  the  skins,  make  the  dresses  and  boots ;  all  this 
entails  a  large  amount  of,  however,  not  very  hard  work.  Their  sewing 
is  beautiful,  not  only  for  its  neatness,  but  for  the  manner  in  which  it  is 
done,  with  very  rough  materials,  so  that  the  seams  are  perfectly  vrater- 
tight.  Their  best  winter  dresses  are  always  made  of  die  finest  of  the 
reindeer  skin ;  two  coats  being  worn,  the  inner  one  with  the  fur  inwards, 
the  outer  one  (which  is  generally  taken  off  when  indoors)  having  the 
fur  outside. 

Their  bods  are  mode  of  a  bank  of  snow  covered  with  two  or  three 
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folds  of  thick,  hairy  deerskin,  over  which  there  is  one  blanket  of  the 
same  material,  large  enough  to  cover  the  whole  family  or  occupants  of 
the  hut.  When  going  to  rest  at  night,  they  generally  remove  the  upper 
part  of  the  dress,  just  as  our  athletes  do  when  they  are  to  run  or  row 
a  race,  but  with  an  entirely  opposite  object.  The  athlete  strips  himself 
for  the  purpose  of  coolness,  the  Eskimo  does  so  to  keep  himself  warm. 

The  routine  of  Eskimo  life  at  or  near  Repulse  Bay  is  as  follows. 
In  the  autumn  and  early  winter  they  live  in  tents  made  of  deer  skins 
with  the  hair  on  (the  tents  for  spring  and  summer  being  of  skins  with 
the  hair  removed),  which  they  set  up  in  a  convenient  position  for 
killing  reindeer,  usually  on  the  south  shore  of  some  narrow  lake 
lying  east  and  west  or  at  right  angles  to  the  route  of  migration,  across 
which  the  animals  readily  swim,  instead  of  going  several  miles  out  of 
their  way  to  get  round  the  lake. 

When  in  the  water  they  are  chased  in  the  swift  kayak  and  speared 
in  great  numbers,  and  dragged  easily  on  shore  afterwards,  as  they  float 
on  the  surface  when  killed.  If  the  season  is  favourable,  sufficient 
venison  is  obtained  and  put  into  "  cache "  to  last  the  whole  winter ; 
and  with  this  for  food,  and  some  carefully  hoarded  up  oil  from  seals 
killed  the  previous  spring,  the  cold  season  is  passed  in  plenty  and 
comfort.  Several  families  assemble,  build  their  snow  huts  close  to 
one  of  these  provision  depdts,  and  live  upon  its  contents  until  finished, 
when  they  remove  to  another  depdt,  build  a  new  village  of  huts,  and 
go  through  the  same  process  as  before.  Their  chief  meal,  as  is  common 
among  all  natives  of  America,  is  eaten  before  going  to  bed. 

During  this  time  they  are  not  idle,  for  the  men  have  their  hunting 
weapons,  and  perhaps  frames  of  canoes,  to  make,  whilst  the  women 
are  occupied  in  sewing  by  the  light  of  their  lamps ;  the  children  are 
being  educated ;  the  girls  are  stitching  pieces  of  skins  together  in  the 
form  of  dolls'  clothes,  &c.,  whilst  the  boys  are  making  miniature 
sledges,  bows  and  arrows,  and  spears.  When  the  weather  is  not  too 
stormy  they  also  angle  for  trout.  This  kind  of  life,  if  provisions  hold 
out,  continues  until  late  in  spring,  when  all  move  to  the  sea-coast,  first 
for  the  purpose  of  killing  seals,  the  skins  of  which  are  wanted  for 
making  boots  and  canoes,  and  the  oil  for  light  and  cooking  during  the 
following  winter.  The  seal  killing  goes  on  until  the  ice  begins  to 
break  up,  when  a  number  of  families  resort  to  the  mouth  of  some 
small  river,  which,  whilst  very  shallow,  discharges  a  considerable 
amount  of  water ;  across  the  mouth  of  ihiB  is  built  a  slight  barricade 
of  stones,  about  two  feet  high,  put  together  in  such  a  way  that  the 
water  runs  through  easily,  but  the  fish  cannot  pass.  Over  this 
barrier,  which  is  much  below  high-water  mark,  the  salmon  pass  with 
the  flowing  tide,  but  are  prevented  returning  with  the  ebb,  and  remain 
in  pools  about  two  feet  deep  (a  necessary  part  of  the  arrangement), 
where  they  are  struck  with  a  fish  spear,  such  as  I  show  you,  far 
superior  in  almost  every  respect  to  anything  of  the  kind  I  have  ever 
seen  used  by  civilized  man. 

As  soon  as  the  salmon  fishing  is  concluded,  which  lasts  two  weeks 
or  so,  they  occupy  their  time  in  various  ways :  some  go  to  the  sea 
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and  along  coast  in  searcb  of  walms,  bears,  &o.,  whilst  others  go  to  the 
nsnal  feeding  groands  of  the  musk-^oz,  the  skins  of  which  make  an 
excellent  covering  of  the  snow  bed  to  sleep  upon,  and  the  horn  of  the 
bull  is  very  useful  to  form  into  a  dish  or  ladle,  one  of  which  may  be 
seen  in  the  library. 

As  to  their  social  habits,  they  are  a  cheerful,  lively,  gossiping 
race,  who  spend  most  of  their  spare  time  in  games  of  various  kmds, 
and  in  concerts,  a  combination  of  the  vocal  and  instrumental ;  these 
frequently  taking  place  in  the  night,  which  in  June  and  July  is  as 
light  as  day. 

These  Eskimos  were  cleanly  in  their  persons  and  dresses,  quite  as 
much  so  in  the  winter  time  as  we  could  be  ourselves;  for  it  was  almost 
impossible  to  wash  in  the  winter,  as  the  water  immediately  froze  on 
the  hair  and  beard,  and  the  only  way  in  which  to  get  a  comb  or  brush 
through  it  was  by  holding  your  head  under  the  blankets.  Our  usual 
wash  was  a  rub  of  dry  snow,  in  which  material  our  blankets  and 
flannels  were  well  trampled  once  or  twice  a  week,  with  excellent 
effect. 

Their  domestic  relations  are  praiseworthy,  the  women  being  treated 
with  much  kindness  and  consideration ;  and  I  am  sure  if  there  were 
such  an  institution  as  a  parliament  in  the  far  north,  they  would  not 
only  have  a  vote,  but  probably  be  eligible  for  a  seat  in  that  important 
assembly.  I  am  certain  that  if  the  Eskimos  had  a  Qeogra^^cal 
Society  or  a  Hydrographic  Department,  their  women,  from  their  know- 
ledge of  the  coast,  and  the  neat  manner  in  which  they  make  a  sketch 
of  it,  would  be  unanimously  voted  fellows  of  the  one  and  appointed 
officials  of  the  other.  A  chart  of  about  200  miles  of  coast,  drawn 
by  a  woman  of  Ig-loolik  for  Sir  Edward  Parry,  I  found,  on  my 
survey,  to  be  wonderfully  accurate. 

They  readily  accommodated  themselves  to  the  ways  and  customs 
of  my  men,  all  steady,  fine  fellows,  and  at  once  the  men  and  boys 
took  to  smoking  tobacco,  although  they  had  never  done  so  before.  On 
giving  one  of  the  women  a  silver  fork  to  eat  some  food  with,  she 
handled  it  as  neatly  as  if  she  had  been  accustomed  to  its  use  all  her 
life ;  and  when  taking  some  tea  and  biscuit,  said  she  had  tasted  them 
before  when  a  little  girl  at  Ig-loolik,  when  on  board  large  Oo-miaka- 
yukes  (ships)  there — ^Parry's  vessels  of  course,  which  had  been  at  the 
Straits  of  Fury  and  Hecla  about  twenty-four  years  before. 

The  Eskimos  are  said  to  be  very  untruthful :  I  did  not  find  them  so, 
and  I  had  good  opportunities  of  putting  this  to  the  test.  I  had  with 
me  the  narratives  of  Boss  and  Parry,  the  contents  of  which  my  very 
excellent  interpreter  did  not  know ;  but  through  him  I  got  from  the 
Eskimos  information  identical  with  what  was  to  be  found  in  these 
books ;  and  more  than  this,  they  mentioned  things  that  had  occurred 
twenty-four  years  before,  which  were  not  in  Sir  Edward  Parry's  narrfr- 
tive,  but  which  Sir  Edward  told  me  he  perfectly  remembered  to  have 
occurred,  although  thought  of  too  little  interest  to  be  recorded.  They 
did  tell  falsehoods  occasionally,  which  might  be  in  some  measure  justi- 
fiable, because  they  did  so  to  endeavour  to  prevent  us  from  travelling 
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oYor  their  favonrite  himtiDg  gronndB,  believing  that  we  wonld  kill  or 
frighten  away  the  game,  or  destroy  caches  of  provisions  they  might 
have  there,  upon  which  perhaps  the  lives  of  these  poor  people 
depended. 

Their  delicacy  of  feeling  was  shown  in  a  canons  way.  Whenever 
my  men  were  about  to  take  the  kettle  off  the  fire  at  breakfast  or  dinner 
time,  any  natives  then  in  the  tent  immediately  got  up  to  go  away,  and 
^ould  have  done  so  unless  asked  to  remain;  the  same  thing  often 
occurred  when  they  saw  my  servant  bring  me  my  dinner. 

Their  gratitude  for  kindness  was  shown  in  a  refinement  of  manner 
that  could  not  be  excelled  in  the  most  civilized  community.  When 
going  to  a  distance  in  spring  to  kill  seals,  the  young  men  asked  leave 
tiiat  some  three  or  four  old  people  might  be  allowed  to  encamp  near  us, 
so  as  to  be  under  our  protection,  which  of  course  was  readily  granted, 
with  a  promise  that  we  would  give  them  some  food  if  we  had  any  to 
spare.  For  a  fortnight  or  three  weeks  these  old  folks  lived  near  us, 
and  never  asked  for  anything ;  and  the  only  way  I  could  learn  whether 
they  had  food  or  not,  was  by  sending  over  my  man  Corrigal  (who  was 
as  great  a  favourite  with  the  natives  as  he  was  with  everyone  else)  to 
find  out,  and  supply  them  if  required. 

When  the  seal-hunters  returned,  they  thanked  me  for  my  kindness ; 
and  as  my  men  wanted  some  seal  fat  to  fry  their  venison  with,  I  told 
them  to  buy  some ;  but  a  deputation  of  the  natives  came  with  the  inter- 
preter, and  said  that  as  I  had  been  so  good  to  their  people,  they  would 
supply  us  with  what  fat  we  required,  but  would  not  receive  any  pay 
for  it.  Every  morning  a  large  piece  of  seal  grease  was  laid  at  the  door 
of  the  men's  tent. 

They  believe  in  a  good  and  a  bad  spirit,  and  say  that  the  good 
spirit  is  so  beneficent  that  he  will  not  himself  hurt  them,  but  he  will 
leave  them  to  the  evil  influence  of  the  bad  spirit  if  they  do  what  is 
wrong.  They  therefore  propitiate  the  spirit  of  evil.  They  believe 
that  meteors  (falling  stars)  and  the  brightly  moving  aurora  are  the 
spirits  of  their  dead  visiting  each  other  in  the  heavens. 

Whenever  the  Eskimos  come  in  contact  with  civilized  man  they  are 
found  to  be  docile,  and  to  assimilate  themselves  to  our  best  qualities ; 
such  has  been  the  case  at  Churchill,  in  Hudson's  Bay,  among  the  mis- 
sionaries at  Labrador,  and  among  the  Danes  in  Greenland;  whilst 
several  of  the  crews  of  the  American  Arctic  Expeditions  have  been  in- 
debted for  their  lives  to  them.  No  braver,  more  affectionate,  or  more 
trustworthy  men  were  ever  seen  than  Augustus,  the  interpreter  to  the 
Franklin  Overland  Expedition ;  than  Albert,  the  interpreter  of  Sir  John 
Bichardson's  Searching  Expedition  of  1848 ;  or  the  Eskimo  and  his 
wife  who  accompanied  the  American,  Hall,  in  most  of  his  Arctic 
wanderings. 

Surely,  people  with  such  good  qualities  and  such  beautiful  ideas 
have  a  right  to  a  higher  rank  amongst  the  uncivilized  races  than  has 
hitherto  been  awarded  them. 

[J.  B.1 
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ANNUAL  MEETING. 

Tuesday,  May  1,  1877. 

William  Polb,  Esq.  M.A.  F.B.S.  Manager,  in  the  Chair. 

The  Annual  Beport  of  the  Committee  of  Visitors  for  the  year 
1876,  testifying  to  the  continued  prosperity  and  efficient  management 
of  the  Institution,  was  read  and  adopted.  The  Real  and  Funded 
Property  now  amounts  to  aboye  84,000Z.  entirely  deriyed  from  the 
Contributions  and  Donations  of  the  Members. 

Seyenty-two  new  Members  paid  their  Admission  Fees  in  1876. 

Sixty-three  Lectures  and  Nineteen  Eyening  Discourses  were 
deliyered  in  1876. 

The  Books  and  Pamphlets  presented  in  1876  amounted  to  about 
164  yolumes,  making,  with  those  purchased  by  the  Managers,  a  total 
of  894  yolumes  added  to  the  Library  in  the  year,  exclusiye  of 
periodicals. 

Thanks  were  yoted  to  the  President,  Treasurer,  and  Secretary,  to 
the  Committees  of  Managers  and  Visitors,  and  to  the  Professors,  for 
their  sendees  to  the  Institution  during  the  past  year. 

The  following  Gentlemen  were  unanimously  elected  as  Officers 
for  the  ensuing  year : 

President— The  Duke  of  Northumberland,  D.C.L. 
Treasurer— George  Busk,  Esq.  F.B.C.S.  F.B.S. 
Seobetart — William  Spottiswoode,  Esq.  M.A.  LL.D.  Treas.  B.S. 
Corresponding  Member  of  Academy  of  Soienoes,  Paris. 


Managers. 

George  Berkley,  Esq.  C.E. 

William  Bowman,  Esq.  F.R.S. 

Adm.  Sir  Henry  John  Codrington,  K.C.B. 

Warren  De  la  Rue,  Esq.   D.C.L.   Ph.D. 

F.R.S.  &c. 
Edward   Frankland,   Esq.    D.C.L.    Ph.D. 

F.R.S.  Cor.  M.  Inst.  France. 
Francis  Gallon,  Esq.  M.A.  F.R.S.  F.G.S. 
Frederick  Da  Cane  God  man,  Esq. 
C«sar  U.  Hawkins,  Esq.  F.R.S. 
Thomas  Hyde  Hills,  Esq. 
Alfred  Latham,  Esq. 
John  Carrick   Moore,   Esq.  M.A.  F.R.S. 

F.G.S. 
William  Pole,  Esq.  M.A.  F.R.S. 
Sir  W.  Frederick  Pollock,  Bart.  M.A. 
The  Ix)rd  Bayleigh,  M.A.  F.R.S. 
The  I>ord  Arthur  Russell,  M.P. 


Visitors. 

John  R.  Andrews,  Esq. 

John    Frederic     Bateman,    Esq.    F.R.S. 

F.G.S. 
Thomas  Boycott,  M.D.  F.L.S. 
John  Charles  Burgoyne,  Esq. 
Alexander  John  Ellis,  Esq.  F.R.S.  F.S.A. 
William  Watkiss  Lloyd,  Esq. 
Vernon  Lushington,  Esq.  Q.C. 
Sir  Charles  Henry  Mills.  Bart.  M.P. 
William  Newmarch,  Esq.  F.R.S.  Cor.  M. 

Inst.  France. 
Colonel  William  Finney. 
The  Rev.  Arthur  Rigg,  M.A. 
Basil  Woodd  Smith,  Esq.  F.R.A.S. 
Thomas  Sopwith,  Esq.  M.A.  F.R.S.  F.G.S. 
George  Andrew  Spottiswoode,  Esq. 
Sir  Harry  Vemey,  Bart.  M.P. 
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WEEKLY  EVENING  MEETING, 

Friday,  May  4,  1877. 

William  Spottiswoode,  Esq.  LL.D.  Treasurer  B.S. 
Secretary  and  Vice-President,  in  the  Chair. 

The  Rev.  W.  H.  Dallingeb,  F.RM.8. 

Becent  Besearchea  into  the  Origin  and  Development  of  Minute  and  Lowly 
Life-forms :  with  a  Glance  at  the  Bearing  of  these  upon  the  Origin 
of  Bacteria. 

Biological  science  to-day  presents  us  with  a  magnificent  generaliza- 
tion ;  one  that  stands  upon  so  hroad  and  ever-dilating  a  hasis,  that 
enormous  masses  of  detail,  and  many  interlocking  demonstrations,  are, 
of  necessity,  still  relegated  to  the  quiet  workers  of  the  present,  and  the 
earnest  labourers  of  the  years  to  come.  But  to  those  whose  grasp  is 
wide  enough,  and  their  insight  profound  enough,  it  is  a  generalization 
absolutely  inmiovable,  because  based  and  pillared  upon  truth.  And 
that  which  lies  within  it,  and  forms  the  fibre  of  its  fabric,  is  the  esta- 
blishment of  a  continuity — an  unbroken  chain  of  unity — running  from  the 
base  to  the  apex  of  the  entire  organic  series.  The  plant  and  the  animal, 
the  lowly  organized  and  the  highly  organized,  melt  into  each  other, 
and  are  one  splendid  organic  whole. 

But  does  this  imposing  continuity  find  its  terminus  on  the  Mnge 
and  border  of  the  organic  series,  and  for  ever  pause  there  f  or  can  we 
see  it  pushing  its  way  down  and  onward  into  the  unorganized  and  the 
not-living,  until  all  nature  is  an  unbroken  sequence  and  a  continuous 
whole? 

That  such  a  sublime  continuity  may  be  philosophically  hypothe- 
cated I  unhesitatingly  believe.  That  its  existence  is  absolutely  essen- 
tial to  the  existence  of  nature  as  we  see  it,  I  have  no  desire  to  dispute. 
That  there  h(u  been  a  line  of  continuity,  I  believe  that  the  facts  pre- 
sented by  the  natural  and  physical  sciences  may  fairly  warrant  But 
that  we  have  found  that  line,  that  data  have  been  presented  to  us 
demonstrating  how,  and  by  what  path,  the  inorganic  passes  to  the  vital, 
the  living  into  the  not-living,  I  with  equal  fearlessness  dispute.  **  The 
properties  of  living  matter  distinguish  it  absolutely  from  all  other 
kinds  of  things ;"  and  the  facts  to-day  in  the  hands  of  the  biologist 
**  furnish  us  with  no  link  between  the  living  and  the  not-living.'* 

That  this  is  an  inference  which  has  been  fiercely  disputed,  I  need 
not  remind  an  audience  in  this  theatre.  The  data  for  such  dispute, 
and  the  reasonings  based  upon  them,  are  not  now  my  concern.     They 
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have  been  carefully  examined  and  weighed  by  the  most  competent 
biologists  in  tbe  world ;  and  it  is  by  them  distinctly  a£Brmed  that 
^^  spontaneous  gee  oration  "  is  no  discovered  part  of  nature's  processes. 

But  we  may  imuse  for  a  moment  to  consider  what  was  the  nature 
of  the  proofs  relied  upoii  to  establish  the  *'  spontaneous/'  or  not-living, 
origin  of  living  things.  They  were  chiefly  thermal  experiments  upon 
the  lowest  septic  organisms,  without  an  attempt  to  discover  what  was 
their  life-history,  and  whether  they  propagated  by  germs  or  not.  It 
was  argued  that  the  adult  organism  being  killed  at  a  given  temperature, 
mnch  below  the  boiling  point  of  water,  if  an  infusion  were  boiled,  with 
every  possible  precaution,  and,  whilst  boiling,  hermetically  sealed ; 
then  if  after  a  lapse  of  time  on  opening  the  vessel  the  organisms  were 
found  in  a  living  state,  they  must  have  arisen  de  novo  ;  that  is,  the  not- 
living  would  have  produced  the  living. 

That  this  method  is  useful,  and  that  it  must  be  pursued  in  an  ex- 
haustive inquiry  into  the  whole  subject,  must  be  freely  admitted. 
But  that  it  is  the  best,  or  at  least  the  only  method  of  inquiry  for  the 
biologist^  we  may  gravely  doubt.  The  difficulties  which  as  a  method 
encumber  it  are  simply  without  number.  They  cannot  be  exaggerated ; 
they  cannot  be  too  keenly  sought  for. 

Six  months  employed  in  such  experiments  by  a  mind  trained  to 
exactness,  a  mind  which  will  have  nothing  if  it  cannot  have  facts,  and 
which  will  admit  only  inevitable  sequences,  will  be  quite  enough  to 
establish  a  conviction  of  the  almost  infinite  sources  of  possible  error, 
and  show  bristling  ranks  of  difficulty. 

I  frankly  confess  my  conviction  to  be  that  if  this  method  is  to  yield 
a  scientific  result,  it  must  be  in  the  hands  of  the  highest  masters  of 
precise  experiment ;  and  therefore  to  my  mind  the  experiments  of  Pro- 
fessor Tyndall  on  this  subject  have^  a  value  entirely  their  own. 

On  the  other  hand,  the  biologist  is  eminently  concerned  with  the 
organism  proper,  its  morpAo^^'cal  mutations  and  developmental  history. 
It  will  most  conserve  the  science  of  things  that  live,  to  study,  to  the 
very  border  of  possibility,  living  things — not  as  masses  of  matter  to  be 
manipulated  chemically  or  physically  as  a  whole, — bnt  as  individual 
life-histories.  And  this  in  the  case  before  ns  was  the  more  important 
as  in  no  instance  was  the  complete  life-cycle  of  a  septic  organism  known. 

This  fact  early  and  deeply  impressed  me,  and  fully  ten  years  sinoe 
I  was  animated  with  a  hope  that  snch  a  life-history  might  be  worked 
out  Four  years  were  spent  in  accumulating  facts,  obtaining  expe- 
rience, devising  methods,  and  becoming  thoroughly  acquainted  with  the 
nature  of  the  problem ;  and  it  then  became  plain  that  to  do  it  effidctually 
it  was  needful.  Firsts  to  employ  lenses  of  Uie  highest  attainable  power, 
and  the  utmost  perfection  of  structure.  Second,  it  was  absolutely  ne- 
cessary that  the  forms  studied  should  be  watched  coniinuoudy  from 
the  earliest  to  the  last  condition.  Without  continuity  of  observation 
there  could  be  no  certainty  of  continuity  of  development  A  broken 
observation  is  for  the  end  in  view  a  useless  observation.  The  attempt 
to  infer  or  deduce  developmental  changes  wi^out  unbroken  following 
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of  these  minnte  forms  is  a  scientific  impropriety,  of  wliich  experience 
has  only  increased  intolerance.  There  must  he  unbroken  observation. 
Thirds  in  order  to  accomplish  this,  means  must  be  devised  by  which 
a  minute  drop  of  a  septic  fluid  under  a  delicate  cover-glass  could  be 
kept  from  evaporating  for  an  indefinite  time,  and  yet  be  continuously 
examined  with  the  highest  magnifying  powers  constructed.  And, 
finally,  for  the  efficient  accomplishment  of  the  work  two  observei*s 
were  needful,  to  secure  at  once  continuity  and  confirmation.  Happily, 
each  of  these  conditions  was  met  or  complied  with.  The  last  was 
not  the  least.  Dr.  Drysdale,  an  accomplished  physiologist,  saw  at  once 
the  force  of  the  position  and  the  broad  bearings  of  the  subject,  and 
eagerly  desired  to  engage  in  it ;  and  when  preparation  was  mature, 
we  entered  on  the  work  together.  Our  plan  of  labour  was,  never  to 
accept  what  we  had  not  mutually  confirmed,  and  to  relieve  each  other 
in  following  a  metamorphosis  from  its  beginning  to  its  close. 

Ton  are  aware  that  putrefactive  organisms  present  an  immense 
variety  both  in  form  and  size.  The  Bacteria  group  themselves,  are  im- 
mensely diverse.*  Between  this  giant.  Spirillum  volutans,  and  this 
minute  form,  B<icterium  termo,  there  is  a  vast  divergence,  and  yet  this 
huge  spirillum  rarely  exceeds  on  an  average,  except  in  cases  of  exces- 
sive development,  from  the  1500th  to  the  2000th  of  an  inch  in  length. 

But  you  may  see  here  forms  analogous,  but  not  Bacteria.  They 
are  septic  organisms  strictly  ;  usually  the  accompaniments  of  a  more 
prolonged  putrescence,  and  popularly  known  as  Monads.  They  are 
larger,  and  in  many  ways  more  amenable  than  the  Bacteria ;  and  we 
fixed  on  these  as  the  subject  of  our  earliest  work.  By  quiet  persistence 
we  worked  out  six  forms,  and  the  continuous  history  of  two  of  these 
I  will  now  endeavour  to  present. 

I  will  not  take  them  in  the  order  of  our  researches,  but  shall  find 
it  best  conserve  my  purpose  to  examine  the  largest  and  the  smallest 
of  the  organisms.  The  appearance  of  the  former  is  now  before  you 
here.  It  is  divergent  from  the  common  type  when  seen  in  its  perfect 
condition,  avoiding  the  oval  form  ;  but  it  resumes  it  in  metamorphosis. 
It  is  comparatively  huge  in  its  proportions ;  its  average  extreme  length 
being  the  1000th  of  an  inch.  Its  normal  form  is  rigidly  adhered  to 
as  that  of  a  Botifer  or  a  crustacean.  Its  body-substance  is  a  structure- 
less sarcode.  Its  differentiations  are  a  nucleus-like  body,  not  common 
to  the  monads ;  generally  a  pair  of  dilating  vacuoles,  which  open  and 
dose  like  the  human  eyelid,  ten  to  twenty  times  in  every  minute; 
and  lastly,  the  unusual  number  of  four  flagella.  That  the  power  of 
motion  in  these  forms  and  in  the  Bacteria  is  dependent  upon  these 
flagella,  I  believe  there  can  be  no  reasonable  doubt.  In  the  monads 
the  versatility,  rapidity,  and  power  of  movement  is  always  correlated 
with  the  number  of  these.  The  one  before  us  could  sweep  across  the 
field  with  majestic  slowness,  or  dart  with  lightning  swiftness  and  a 

*  Transparencies  drawn  from  nature  by  a  simple  method  devised  by  Mr.  Dal- 
lingcr  were  exhibited  by  the  oxy-bydrogen  mioroscope. 
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swallow's  grace.  It  conld  gyrate  in  a  spiral,  or  spin  on  its  axis  in  a 
rectilinear  path  like  a  rifled  ballet.  It  oonld  dart  up  or  down,  and 
begin,  arrest,  or  change  its  motion  with  a  grace  and  patter  which  at 
once  astonish  and  entrance.  The  flagella  are  eitremely  fine,  and  their 
number  was  at  first  with  difficulty  determined.  Indeed,  every  observer 
has  noticed  how  difficult  it  is  to  discover  the  uuknown,  but  when  once 
it  has  been  found,  how  easily  in  comparison  it  may  be  recalled  or  seen 
again.  Fixing  on  one  of  these  monads,  then,  we  followed  it  doggedly 
by  a  never-ceasing  movement  of  a  '*  mechanical  stage ;"  never  for  an 
instant  losing  it,  through  all  its  wanderings  and  gyrations.  We  found 
that  in  the  course  of  minutes,  or  of  hours,  the  sharpness  of  its  outline 
slowly  vanished,  its  vacuoles  disappeared,  and  at  last,  it  lost  its 
sharp  caudal  extremity,  and  was  sluggishly  amoeboid.  This  condi- 
tion intensified,  the  amoeboid  action  quickened,  the  agility  of  motion 
ceased,  the  nucleus  body  became  strongly  developed,  and  the  whole 
sarcode  was  in  a  state  of  vivid  and  glittering  action.  If  now  it  be 
sharply  and  specially  looked  for,  it  will  be  seen  that  the  root  of  the 
flagella  splits^  dividing  henceforth  into  two  separate  pairs.  At  the 
same  moment  a  motion  is  set  up  which  pulls  the  divided  pairs 
asunder,  making  the  interval  of  sarcode  to  grow  constantly  greater 
between  them.  During  this  time  the  nuclear  body  has  commenced, 
and  continued,  a  process  of  self-division.  From  this  moment  the  organ- 
ism grows  rapidly  rounder,  the  flagella  swiftly  diverge,  a  bean-like 
form  is  taken,  the  nucleus  divides,  and  a  constriction  is  suddenly  de- 
veloped. This  deepens,  the  opposite  position  of  the  flagella  seen  here 
ensues,  the  nearly  divided  forms  now  vigorously  puU  in  opposite 
directions,  the  constriction  is  thus  deepened,  and  the  tail  formed. 
The  fibre  of  sarcode,  to  which  the  constricted  part  has  by  tension 
been  reduced,  now  snaps,  and  two  organisms  go  free. 

Now  it  must  be  remembered  that  this  body  is  not  a  homogeneous 
rod  of  sarcode  like  a  bacterium.  That  U  should  by  mere  growth 
elongate  and  then  divide  by  fission  is  not  so  wonderfid.  But  here  we 
have  an  organism  of  distinctive  form  and  some  structure ;  yet  each  part 
divides  to  form  a  counterpart  to  itself,  and  the  whole  process  may  be 
complete  in  five  minutes,  and  in  the  separated  individual  commenoe 
again  to  divide  in  twenty  minutes  more ;  so  that  in  a  few  hours  a  single 
form  will  in  this  way  have  given  rise  to  an  almost  inconceivable  hosl 

But  it  will  have  struck  you  that  the  new  organism  enters  upon  its 
career  with  only  two  flagella,  and  the  normal  organism  is  poss^sed  of 
four.  But  in  a  few  minutes — three  or  four  at  most — the  full  complement 
were  always  there.  How  they  were  acquired  it  was  the  work  of  months 
to  discover,  but  at  last  the  mystery  was  solved.  The  newly-fissioned 
form  darted  irregularly  and  rapidly  for  a  brief  space,  then  fixed  itself 
to  the  floor,  or  to  a  rigid  object,  by  the  free  ends  of  its  flagella,  and  with 
its  body  motionless,  an  intense  vibratory  action  was  set  up  along  the 
entire  length  of  these  exquisite  fibres.  Bapidly  the  ends  split,  one 
half  being  in  each  fibre  set  free,  and  the  other  remaining  fixed ;  and  in 
130  seconds  each  entire  flagellum  was  divided  into  a  perfect  pair. 
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Now,  the  amoeboid  state  is  a  notable  phenomenon  throughout  the 
monads,  as  precursiye  of  striking  change.  It  appears  to  subserve  the 
purpose  of  the  more  facile  acquisition  and  digestion  of  food  at  a  crisis. 
And  this  augmented  the  dif&cultj  of  discovering  further  change ;  and 
only  persistent  effort  enabled  us  to  discover  that  with  comparative 
rareness  there  appeared  a  form  in  an  amoeboid  state  that  was  unique. 
It  was  a  condition  chiefly  confined  to  the  caudal  end;  the  sarcode 
having  become  diffluent,  hyaline,  and  intensely  rapid  in  the  protru- 
sion and  retraction  of  its  substance,  while  the  nuclear  body  becomes 
enormously  enlarged.  These  never  appear  alone:  forms  in  a  like 
condition  are  difi^sed  throughout  the  fluid,  and  may  swim  in  this 
state  for  hours.  Meanwhile  the  difflnence  causes  a  spreading  and 
flattening  of  the  sarcode,  and  swimming  gives  place  to  creeping ;  while 
the  flagella  violently  lash.  In  this  condition,  two  forms  meet  by  appa- 
rent accident — the  protrusions  touch,  and  instant  fusion  supervenes. 

In  the  course  of  two  minutes  there  is  no  disconnected  sarcode 
visible ;  and  in  five  to  seven  minutes  the  organisms  are  completely 
united,  the  swimming  being  again  resumed,  the  flagella  acting  in 
apparent  concert.  This  may  continue  for  two  or  more  hours,  when 
movement  begins  to  flag,  and  then  ceases.  Meanwhile  the  bodies 
close  together,  and  the  eyespots  or  vacuoles  melt  together.  The  two 
nuclei  become  one,  and  disappear,  and  in  eighteen  hours  the  entire 
body  of  *^  either  has  melted  into  other,"  and  a  motionless,  and  for  a 
time  irregular  sac,  is  left. 

This  now,  becomes  smooth,  spherical,  and  tight,  being  fixed  and 
motionless.  This  is  a  typical  process ;  but  the  mingled  weariness  and 
pleasure  realized  in  following  such  a  form  without  a  break,  through 
all  the  varied  changes  into  this  condition,  is  not  easily  portrayed. 

But  now  the  utmost  power  of  lenses,  the  most  delicate  adjustment 
of  light,  and  the  keenest  powers  of  eyesight  and  attention  must  do 
the  rest.  Before  the  end  of  six  hours  the  delicate  glossy  sac  opens 
gently  at  one  place,  there  streams  out  a  glairy  fluid  densely  packed 
with  semi-opaque  granules,  just  fairly  visible  when  their  area  was 
increased  six  millions  of  times;  and  this  continued  until  the  whole 
sac  was  empty,  and  its  entire  contents  diffused. 

To  follow  with  our  utmost  powers  these  exquisite  specks  was  an 
unspeakable  pleasure.  A  group  seen  to  roll  from  the  sac  when  nearly 
empty,  were  fixed  and  never  left.  They  soon  palpably  changed  by 
apparent  swelling  or  growth,  but  were  perfectly  inactive ;  but  at  the 
end  of  three  hours  a  beaked  appearance  was  presented.  Bapid  growth 
set  in,  and  at  the  end  of  another  hour — ^how  has  utterly  baffled  us — 
they  acquired  flagella  and  swam  freely ;  in  thirty-five  minutes  more 
they  possessed  a  nucleus,  and  rapidly  developed,  imtil  at  the  end  of 
nine  hours  after  emission  a  sporule  was  followed  to  the  parent  con- 
dition, and  left  in  the  act  of  fission.  In  this  way,  with  what  difficulties 
I  need  not  weary  you,  a  complete  life-cycle  was  made  out. 

And  now  I  will  invite  your  attention  to  the  developmental  history 
of  the  most  minute  of  the  six  forms  we  studied.    In  form  it  is  a  long 
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oval ;  it  is  without  visible  structure  or  differentiatioii  within ;  and  is 
possessed  of  only  a  single  flagellnm.  Its  utmost  length  is  the  4000th 
of  an  inch.  Its  motion  is  continuous — in  a  straight  line — and-  not 
intensely  rapid  nor  greatly  varied,  being  wholly  wanting  in  curves 
and  dartiugs. 

The  copiousness  of  its  increase  was,  even  to  our  accustomed  eyes, 
remarkable  in  the  extreme ;  but  the  reason  was  discovered  with  com- 
parative ease.  Hb  fission  was  not  a  division  into  two,  but  into  many. 
The  first  indication  of  its  approach  in  following  this  delicate  form 
was  the  assumption,  rapidly,  of  a  rounder  shape.  Then  followed  an 
amoeboid  and  uncertain  form  with  an  increased  intensity  of  action, 
which  lasted  for  a  few  moments,  when  lassitude  supervened;  then 
perfect  stillness  of  the  body,  which  is  now  globular  in  form ;  while 
the  flagellnm  feebly  lashed,  and  then  fell  ux)on  and  fused  with  the 
substance  of  the  sarcode :  and  the  result  is  a  solid,  flattened,  homo- 
geneous ball  of  living  jelly. 

To  properly  study  this  in  its  further  changes,  a  power  of  from 
three  to  four  thousand  diameters  must  be  used ;  and  with  this,  I  know 
of  few  things  in  the  whole  range  of  minute  beauty  more  beautiful 
than  the  effect  of  what  is  seen. 

In  the  perfectly  motionless  flattened  sphere,  without  the  shimmer 
of  a  premonition,  and  with  inconceivable  suddenness,  a  white  cross 
smites  itself,  as  it  were,  through  the  sarcode.  Then  another  with 
equal  suddenness  at  right  angles;  and  while  with  admiration  and 
amazement  one,  for  the  first  time,  is  realizing  the  shining  radii,  an 
invisible  energy  seizes  the  tiny  speck,  and,  fixing  its  centre,  twists  its 
entire  circumference,  and  endows  it  with  a  turbined  aspect 

From  that  moment  intense  interior  activity  became  manifest.  Now 
the  sarcode  was,  as  it  were,  kneading  its  own  substance ;  and  again  an 
inner  whirling  motion  was  visible,  reminding  one  of  the  rush  of  water 
round  the  interior  of  a  hollow  sphere  on  its  way  to  a  jet  or  fountain. 
Deep  fissures  or  indentures  showed  themselves  all  over  the  sphere ; 
and  then,  at  the  end  of  ten  or  more  minutes  all  interior  action  ceased, 
and  the  sphere  had  segmented  into  a  coiled  mass. 

There  was  no  trace  of  an  investing  membrane;  the  constituent 
parts  were  related  to  each  other,  simply  as  the  two  separating  parts 
of  an  ordinary  fission;  and  they  now  commenced  a  quick  wriUiing 
motion  like  a  knot  of  eels,  and  then,  in  the  course  of  from  seven 
to  thirty  minutes,  separated,  and,  fully  endowed  with  flagella,  swam 
freely  away,  minute  but  perfect  forms,  which  by  the  rapid  absorption 
of  pabulum  attained  speedily  to  the  parent  size. 

It  is  characteristic  of  t^is  group  of  organic  forms  that  multipli- 
cation by  self-division  is  the  common  and  continuous  method  of 
increase.  The  other  and  essential  method  was  comparatively  rare, 
and  always  obscure.  In  this  instance,  on  the  first  occasion  the  con- 
tinuous observation  of  the  same  "  field"  for  five  days  failed  to  disclose 
to  us  any  other  method  of  increase  but  this  multiple-fission ;  and  it 
was  only  the  intense  suggestiveness  of  past  experience  that  kept  us 
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still  alert,  and  prevented  us  firom  inferring  that  it  was  the  only 
method. 

But  eventually  we  perceived  that  while  this  was  the  prevailing 
phenomenon,  there  were  scattered  amongst  the  others,  forms  of  the 
same  monad  larger  than  the  rest,  and  with  a  singular  granular  aspect 
towards  the  flagellate  end.  Its  granulated  forepart  may  be  easily 
contrasted  with  the  normal  or  ordinary  form.  Now  by  doggedly 
following  one  of  these  through  all  its  wanderings,  a  wholly  new 
phase  in  the  morphology  of  the  creature  was  revealed.  This  rough- 
ened or  granular  form  seized  upon  and  fastened  itself  to  a  form  in 
the  ordinary  condition.  The  two  swam  freely  together,  both  flagella 
being  in  action ;  but  it  was  shortly  palpable  that  the  larger  one  was 
ahaorhing  the  lesser.  The  flagellum  of  the  smaller  one  at  length 
moved  slower,  then  sluggishly,  then  fell  upon  the  sarcode,  which 
rapidly  diminished,  while  the  bigger  form  expanded  and  became 
vividly  active  until  the  two  bodies  had  actually  fused  into  one. 

After  this  its  activity  diminished;  in  a  few  minutes  the  body 
became  quite  still,  leaving  only  a  feeble  motion  in  the  fl^ellum,  which 
soon  fell  upon  the  body-substance  and  was  lost.  All  that  was  left  now 
was  a  still,  spheroidal,  glossy  speck,  tinted  with  a  brownish  yellow. 

A  peculiarity  of  this  monsui  is  the  extreme  uncertainty  of  the 
length  of  time  which  may  elapse  before  even  the  most  delicate  change 
in  this  sac  is  visible.  Its  absolute  stillness  may  continue  for  ten,  or 
it  may  be  prolonged  for  thirty-six  hours.  During  this  time  it  is 
absolutely  inert ;  but  at  last  the  sac — for  such  it  is — opens  gently,  and 
there  is  poured  out  a  brownish  glairy  fluid;  at  first  the  stream  is 
small,  but  at  length  its  flow  enlarges  the  rift  in  the  cyst,  and  the 
cloudy  volume  of  its  contents  rolls  out,  and  the  hyaline  film  that 
enclosed  it  is  all  that  is  left.  The  nature  of  the  outflow  was  like 
that  produced  by  the  pouring  of  strong  spirit  into  water.  But  no 
power  that  we  could  employ  was  capable  of  detecting  a  granule  in  it. 
To  our  most  delicate  manipulation  of  light,  our  finest  optical  appli- 
ances, and  our  most  riveted  attention,  it  was  a  homogeneous  fluid,  and 
nothing  more. 

This  for  a  while  baffled  and  disturbed  us.  It  lured  us  off  the 
scent,  yfe  inferred  that  it  might  possibly  be  a  fertilizing  fluid,  and 
that  we  must  look  in  other  directions  for  the  issue.  But  this  was 
fruitless,  and  we  were  driven  again  to  the  old  point,  and  having 
once  more  obtained  the  emitted  fluid,  determined  to  fix  a  lens  worked 
up  to  5000  diameters  upon  a  clear  space  over  which  the  fluid  had 
rolled,  and  near  to  the  exhausted  sac,  and  ply  our  old  trade  of  watch" 
ing — unbroken  observation. 

The  result  was  a  reward  indeed.  At  first  the  space  was  clear  and 
white ;  but  in  the  course  of  a  hundred  minutes  there  came  suddenly 
into  view  the  minutest  conceivable  specks.  I  can  only  compare  the 
coming  of  these  to  the  growth  of  the  stars  in  a  starless  space  upon 
the  eye  of  an  intense  watcher  in  a  Bummer  twilight.  You  know  but 
a  few  moments  since  a  star  was  not  visible  there,  and  now  there  is  no 
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mistaking  its  pale  beauty.  It  was  so  with  these  inexpressibly  minute 
sporules ;  they  were  not  there  a  short  time  since,  but  they  grew  large 
enough  for  our  optical  aids  to  reveal  them,  and  there  they  were. 
And  here  I  would  remark  that  these  delicate  specks  were  unlike  any 
which  we  saw  emerge  directly  from  the  sac  <i8  granules.  In  that  con- 
dition they  were  always  semi-opaque ;  but  here  they  were  transparent, 
and  a  brown  yellow,  the  condition  always  sequent  upon  a  certain 
measure  of  growth. 

To  follow  these  without  the  loss  of  an  instant's  vision  was  plea- 
sure of  the  highest  kind.  In  an  hour  and  ten  minutes  from  their  first 
discovery,  they  had  grown  to  visible  specks.  In  two  hours  more  the 
specks  had  become  beaked  and  long ;  and  the  pointed  end  was  uni- 
versally the  end  from  which  the  flagellum  emerged,  which  was  drawn 
ninety  minutes  after  the  last,  is  peifectly  formed. 

With  the  flagellum  comes  motion,  and  with  that  abundant  pabulum, 
and  therefore  rapid  growth.  But  when  motion  is  attained,  we  are 
compelled  to  absmdon  the  mass  and  follow  one  in  all  its  impetuous 
travels  in  its  little  world ;  and  by  doing  so  we  were  enabled  to  follow 
the  developed  speck  into  the  parent  condition  and  size,  and  not  to 
leave  it  tmtil  it  had,  like  its  predecessors,  entered  on  and  completed 
its  wonderful  self-division  by  fission. 

In  this  way  its  life-history  was  known,  and  as  it  were  re-entered. 

It  will  be  seen  then  that  the  equivalent  of  a  genetic  process  of  re- 
production, universal,  in  some  form,  throughout  the  entire  range  of 
biology,  is  absolutely  essential  in  the  monads;  and  is  thus  carried 
to  the  very  border  and  fringe  of  the  outermost  organized  entity. 

Nor  is  this  all.  There  is  no  caprice  even  in  this  realm.  There 
would  be  leaps,  and  halts,  and  uncertainties  here  surely  if  anywhere 
in  the  entire  biological  series.  But  it  is  not  so.  The  cycle  of  a 
monad's  life  is  as  unvarying  as  that  of  a  Batrachian.  There  is  no 
unusual,  no  intense  method ;  nothing  more,  indeed,  than  those  resulting 
from  the  secular  processes  involved  in  the  great  Darwinian  law. 

I  have  already  told  you  that  we  worked  out  six  of  these  remarkable 
forms.  They  are  all  furly  represented  in  the  histories  I  have  given 
you.  Five  of  them  poured  out  from  their  genetic  cysts,  spores  or 
ova,  and  one  discharged  living  young.  These  spores  or  ova,  and 
young,  were,  in  every  instance,  followed  from  the  moment  of  their 
emission  from  the  sac,  through  all  their  changes  to  the  parent  con- 
dition or  mature  state,  and  each  instance  was  several  times  repeated. 

It  will  be  manifest  then  that  such  a  fertilized  product — one  of 
such  eiquisite  minuteness — being  found,  it  would  be  a  matter  of  deep 
interest  to  ascertain  if  these  spores  possessed  any  power  to  resist  the 
action  of  heat,  greater  than  that  possessed  by  the  adult.  We  deter- 
mined to  conduct  experiments  so  as  to  discover  directly  what  was  the 
temperature  beyond  which  the  spore  would  not  go  through  their  deve- 
lopmental processes. 

It  was  settled  to  our  complete  satisfaction  that  the  death-point 
of  the  adult  organisms  hovered  extremely  near  140^  F.  We  could 
therefore  start  with  this. 
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We  took  a  series  of  slips  of  glass,  and  placed  upon  them  for 
examination  drops  of  the  septic  fluid  containing  each  of  onr  six 
monads.  We  carefully  examined  and  watched  these  with  our  con- 
tinuous stage  and  high  powers,  until  in  every  case  we  had  convinced 
ourselves  by  actual  observation  that  spore  had  been  emitted.  This 
was  done  in  every  separate  investigation  with  not  less  than  six  slips 
for  each  of  the  six  organisms.  These  slips  of  glass— covered  of 
course  with  thin  discs  of  cover-glass— were  put  into  a  cold  metallic 
box  arranged  for  heating.  This  was  closely  covered,  and  the  bulb  of 
a  long  delicate  thermometer  was  so  placed  as  to  be  in  the  centre  of 
the  box,  while  its  stalk  rose  above  the  cover  into  the  air,  and  could 
easily  be  read. 

This  box  of  air  was  now  slowly  raised  to  any  required  tempe- 
rature; and  when  that  was  reached,  it  was  maintained  for  at  least 
ten  minutes.  In  this  way,  with  a  large  series  of  specimens,  we  passed 
in  the  course  of  months,  by  a  series  of  successively  higher  temperatures, 
from  140^  F.  to  300°  F. 

When  the  glass  slips  were  cool,  they  were  taken  out  and  at  once 
examined.  I  need  not  say  that  in  every  case  they  presented  a  dry 
amorphous  appearance,  in  which  little  structure  coidd  be  discovered. 

We  then  took  some  freshly  distilled  water,  which  was  again 
boiled  in  a  platinum  capsule  previously  heated  red  hot,  and  with  a 
red-hot  platinum  wire  plunged  into  it  and  allowed  to  cool,  a  drop  of 
water  was  taken  and  placed  at  the  edge  of  the  covering  glass ;  this 
was  at  once  drawn  in  by  capillarity,  and  the  slide  was  put  into  the 
non- evaporating  stage  for  immediate  examination. 

Now  it  should  be  observed  that  even  this  amount  of  precaution 
was  unnecessary  for  the  end  in  view;  for  in  our  examination,  after 
heating,  we  disregarded  whatever  else  might  appear  but  the  spore  for 
which  we  were  looking,  and  which  we  knew  existed  in  the  unheated 
fluid,  and  we  confined  ourselves  to  the  development  of  these,  with 
which  we  were  fully  familiar. 

In  every  case  then  you  will  understand  that  in  the  instances  of 
which  I  shall  now  speak,  the  spore  were  followed  after  heating,  just 
as  they  had  been  before  ;  from  Uie  beginning  through  all  their  changes 
to  the  end— the  adult  condition. 

In  one  case — ^the  cyst  of  the  monad  producing  limng  young— the 
highest  temperature  that  could  at  all  be  borne,  and  that  only  feebly, 
was  180^  F.  In  other  cases  the  spore  were  seen  repeatedly  to  become 
vital  and  perfectly  develop  after  exposure  for  ten  minutes  to  800^  F. 
These  were  the  two  extremes.  In  the  remaining  instances,  the  highest 
temperature  which  the  spore  would  bear  and  afterward  develop,  was 
250^  F.  Thus  if  we  include  the  young  emitted  from  the  cyst  in  a  • 
living  state,  the  genetic  products  of  these  six  minute  and  lowly 
organisms,  possess  a  heat-resisting  power  greater  than  their  parents 
in  the  proportion  of  11  to  6.  In  other  words,  the  minute  spore  can 
resist  heat  nearly  twice  as  intense  as  the  adult. 

Now  in  relation  to  the  question  of  so-called  *'  spontaneous  genera- 
tion "  as  it  has  been  discussed  during  the  last  five  years,  this  is  a  fact 
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that  cannot  bo  ignored.  Let  it  be  remembered  that  all  the  organisms 
whoso  life-histories  I  have  dealt  with,  are  as  entirely  septic  organisms 
as  the  Bacteria  themselves.  Let  it  be  farther  remembered,  that  the 
largest  of  these  monad  forms,  described  to  yon  to-night,  does  from  its 
general  conformation,  and  such  differentiation  as  it  possesses,  point 
upwards  in  the  organic  series  toward  such  forms  as  Stylonichia  ptwfii- 
lata  and  the  ParanuBcia  themselves. 

Whilst  on  the  other  hand  the  smallest  of  these  organisms,  whose 
history  we  have  also  examined  to-night,  is  smaller  than  many  Bacteria^ 
is  indeed  only  three  times  as  large  as  a  large  Bacterium  termo  itself, 
and,  like  it,  is  absolutely  without  any  differentiation,  or  discoverable 
structure.  But  both  these  forms,  and  all  the  forms  standing  between 
them,  that  have  been  completely  studied,  are  propagated  essentially  and 
ultimately  by  spore,  ova,  or  whatever  else  such  a  primitive  representa- 
tive of  a  genetic  product  may  be  called.  That  is  to  say,  nature  adopts 
the  same  method  substantially  in  the  lowest  regions  of  organic  forms 
as  in  the  entire  series  above  it 

As  far  down  as  we  can  reach,  as  far  down  as  modem  optics  can 
carry  us — down  indeed  to  a  point  which  not  only  touches  the  Bacteria 
themselves,  but  in  some  sense  overlaps  them — it  is  still  true  that  the 
simplest  organized  being  is  only  capable  of  deriving  existence  from 
other  organized  beings — parents,  that  have  lived  before  it. 

Can  it  be  philosophical  then,  with  the  actual  life-history  of  the 
Bacteria  still  unknown,  to  assume  a  new  method  of  propagation—other- 
wise unknown  in  nature— for  them  ? 

By  means  of  the  monads— the  very  least  and  lowest  of  them — 
we  appear  to  stand  as  it  were  in  the  middle  of  the  Bacterial  series. 
Why,  then,  should  the  Bacteria  be  thought  more  likely  to  grow  spon- 
taneously than  these  kindred  forms  that  lie  so  near  them  ? 

To  point  to  the  exceptional  results  of  a  few  physical  or  chemical 
experiments  which  future  investigation  may  fully  explain,  is  in  reality 
no  answer.  Besides  which  the  light  pierces  even  &rther  down  than 
I  have  carried  you.  We  have  been  at  work  upon  the  Bacteria  now  for 
eighteen  months.  Whether  their  life-history  or  histories  will  ever 
be  worked  out  or  not,  I  cannot  tell ;  the  tangle  ^  of  varieties  is  so 
great,  the  difficulties  so  immense,  that  it  can  only  be  as  the  ^it 
of  years  of  patient  work. 

But  Professor  Tyndall  has  put  new  life  into  us  in  the  study  of  this 
question.  If  one  of  the  monads  shed  a  spore  too  fine  for  our  most 
powerful  glasses  to  detect,  is  it  not  a  natural  inference  that  if  the  Bac- 
teria propagate  ultimately  by  the  same  means,  that  such  spore  must 
be  invisible  to  our  utmost  optical  aids  ? 

By  the  electric  beam,  as  used  by  Dr.  Tyndall  under  conditions 
which  you  know  so  well,  particles  indefinitely  ultra-microscopic  may 
be  clearly  demonstrated. 

Li  a  suitable  closed  chamber,  in  which  the  motes  of  the  air  have 
time  to  subside,  the  electric  beam  will  demonstrate-  its  optical  purity 
by  leaving  no  trace  of  its  path ;  but  whilst  the  most  exquisitely  minute 
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particles  linger  in  the  air,  the  pale  track  of  the  beam  will  show  that 
they  are  there. 

You  farther  know  that  Professor  Tyndall  has  shown  that  if  putre- 
factive infusions,  filtered,  be  boiled  in,  and  exposed  to  such  a  moteless, 
or  optically  pure  air,  that  Bacteria — putrefactive  organisms— do  not 
appear ;  but  \l  on  the  other  hand  the  air  be  charged  with  the  finest  of 
ultra-microscopic  motes,  the  same  infusion  will  become  at  once  infected, 
and  swarm  with  Bacteria. 

The  inference,  backed  by  what  we  know  of  all  the  organic  series 
above,  is,  that  these  otherwise  invisible  motes  are  Bacteria  germs. 

Permit  me  briefly  to  test  this  inference  by  facts. 

It  has  been  shown  that  there  not  only  are  monad  germs,  but  that 
they  vary  in  size.  During  these  researches,  we  found  that  an  old 
maceration  of  fish  reduced  by  putrefactive  action  to  pulp,  might  be  dried, 
and  baked  in  the  sun ;  and  if  it  were  re-moistened,  it  would  soon  give 
rise  to  a  prolific  host  of  the  monads  it  might  contain.  When  the  mass 
was  dry  it  was  light,  porous,  and  friable ;  easily  indeed  reduced  to  an 
impalpable  powder.  Olearly  this  powder  must  be  rich  in  monad 
germs.  Now  as  soon  as  I  read  Professor  Tyndall's  experiments  on  the 
behaviour  of  the  moto-laden  air  as  the  origin  of  Bacteria,  I  at  once 
asked  myself,  ^  May  not  the  inference  that  these  motes  are  germs  be 
strengthened  or  otherwise  by  diffusing  the  dust  from  an  old  fish  macera- 
tion kiown  to  be  charged  with  certain  monads,  in  a  suitable  chamber 
with  a  suitable  fluid  ?  Should  not  the  one  behave  practically  as  the 
other  ?  "  This  I  determined  to  test.  I  will  pass  over  my  earlier  ex- 
periments, and  give  you  merely  the  results  of  the  later.  A  suitable 
chamber  was  prepared  with  all  the  required  appliances.  A  fluid  was 
needed  known  to  be  free  from  germs.  This  was  supplied  by  a  compound 
of  inorganic  elements  known  as  *'  Oohn's  nutritive  fluid."  It  contains 
no  albuminous  matter,  but  only  mineral  salts  and  tartrate  of  anmionia. 
While  the  tartrate  of  ammonia  is  kept  apart  from  the  fluid  no  organic 
forms  can  arise  in  it,  but  when  mixed  with  the  other  ingredients,  even 
the  ParamsBcia  will  live  and  flourish  if  placed  in  it 

1  took  then  the  dried  remainder  of  an  old  infusion  charged  im- 
mensely with  two  monad$  ;  the  larger — the  first  I  described  to  you  to- 
night— and  another,  a  smaller  one.  I  exposed  it  first  to  a  temperature 
of  150""  F.— 10^  higher  than  the  heat  needed  to  kill  the  adult  monads. 
It  was  then  reduced  to  powder,  quite  impalpable,  and  laid  upon  a  plate 
of  glass  evenly  distributed,  and  once  more  heated  to  145^  F.  for 
ten  minutes — 5^  higher  than  was  required  to  kill  the  adults. 

This  powder  was  now  diffused  through  a  chamber,  in  the  main  like 
Professor  Tyndall's,  and  a  beam  from  the  lime-light  was  sent  through. 
It  was  so  intensely  luminous  that  time  was  given  for  subsidence.  Six 
small  basins  of  the  fluid  were  then  exposed,  and  left  for  twenty-four 
hours ;  and  then  four  more  basins  of  fluid  were  exposed. 

At  the  end  of  four  days  more  the  air  in  the  chamber  was  optically 
pure ;  all  its  motos  had  subsided.  The  first  six  basins  were  then  with- 
drawn and  examined.    Fifteen  drops  wore  taken  from  each  basin,  and 
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laid  upon  the  microscope.  In  every  drop  from  every  vessel  the  large 
monad  appeared,  while  the  smaller  monad  appeared  plentifully  in 
everyvetiel. 

Two  days  after  the  other  four  ressels  were  taken  oat  and  examined. 
Thirty  drops  were  taken  from  each  vessel,  but  to  my  surprise  the  large 
monad  was  vihoUy  icaniing  in  three  of  the  vessels,  and  only  feebly  present 
in  the  fourth. 

But  now  the  air  was  optically  pure ;  five  vessels  of  fluid  were  in- 
serted, and  left  untouched  for  five  days.  They  were  then  carefully 
examined,  thirty  drops  being  taken  from  each ;  but  not  a  single  monad 
of  any  kind  was  found  in  any  vessel.  Only  Bacteria  were  there ;  against 
which  no  protection  had  been  provided,  and  which  were  expected. 
This  was  repeated  three  times  during  four  months,  and  with,  on  the 
average,  unvarying  results.  Thus  an  atmosphere — the  motes  of  which 
wore  known  to  be  charged  with  the  germs  of  monads — inevitably 
'*  smote  *'  the  nutritious  fluid  with  the  monads  in  question.  But  in  an 
atmosphere  made  optically  pure  by  the  subsidence  of  these  mote-germs^ 
the  same  fluid  was  absolutely  without  the  trace  of  a  monad. 

Further,  I  found  that  if  the  comparatively  large  germ  of  the  largest 
monad  were  intimately  mixed  with  dust  containing  the  smallest  monad, 
whose  germ,  as  I  explained  just  now,  was  not  visible  until  it  had  grown ;  * 
and  if  these  two  together  were  diflused  through  the  air  of  the  chamber, 
it  was  found  that  whilst  the  germs  of  the  large  monad  had  all  fallen 
through  the  air  in  thirty  hours,  the  germs  of  the  smaller  and  lighter 
monad  would  show  their  presence  a&r  sixty,  or  even  seventy  hours. 
Proving  that  the  lighter  the  germ  the  longer  it  lingers  in  the  air. 

But  in  no  case  did  a  vessel  show  the  presence  of  any  monad  after 
five  days ;  that  is,  when  the  air  was  moteless,  and  free  from  the  diffused 
germs.  The  inference  is  irresistible.  The  germs  of  minute  and  widely 
diffused  septic  organisms  may  be  present,  and  be  proved  to  be  present, 
in  the  air ;  and  the  presence  or  absence  of  these — the  proper  conditions 
being  provided — is  a  determining  cause  of  the  presence  or  absence  of 
the  developed  organisms  themselves.  This  is  proved  with  organisms 
which  we  know  arise  in  germs ;  that  is  to  say,  the  monads.  It  is  hy- 
pothecated in  relation  to  organisms  whose  life-history  we  do  not  per- 
fectly know,  viz.  the  Bacteria ;  because  when  dealt  with  in  a  similar 
way  they  display  precisely  similar  phenomena. 

To  me,  then,  what  we  hypothecate  is  sustained  almost  to  absolute 
certainty  by  what  we  know. 

The  motes  which  determine  the  monads  contain  monad  germs. 

The  motes  which  determine  the  Bacteria  are  Bcu^teria  germs. 

[W.  H.  D.] 
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GENEKAL  MONTHLY  MEETING. 

Monday,  May  7,  1877. 

Gbobge  Busk,  Esq.  F.B.S.  Treasurer  and  Vice-President,  in  the  Chair. 

The    following    Vice-Presidents    for    the    ensuing    year    were 
announced : 

Adm«  Sir  Henry  John  Codringtou,  K.C.B. 

Warren  De  la  Kue,  Esq.  D.C.L.  F.R.S. 

The  Lord  Arthur  Bussell,  M.P. 

George  Busk,  Esq.  F.R.S.  Treasurer. 

William  Spottiswoode,  Esq.  LL.D.  ¥.RS.  Secretary. 


Mrs.  Julie  Farmer, 

Miss  Catherine  Aleth^  Fry,  A.A. 

Charles  James  Lacy,  jun.  Esq. 

Wm.  Alexander  Mackinnon,  Esq. 

Major-General  Sir  Thomas  T.  Pears,  E.C.B. 

Frederick  Kicardo,  Esq. 

Arthur  Williams,  Esq. 

were  elected  Members  of  the  Royal  Loustitution. 

John  Ttndall,  Esq.  D.C.L.  LL.D.  F.R.S. 
was  re-elected  Professor  of  Natural  Philosophy. 

The  Managers  reported  that  on  April  9th,  they  appointed  James 
Dbwab,  Esq.  M.A.  F.R.S.E.  Jacksonian  Professor  of  Natural  Philo- 
sophy, Cambridge,  to  be  Fullerian  Professor  of  Chemistry  for  three 
years. 

The  Pbksants  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 


Accademia  dei  Lincei,  Rome — Atti,  Serie  IIL  Transunti,  Vol.  I.  Faso.  4.     4to. 

1877. 
AtironomiecU  Society,  i?oyoZ— Monthly  Notices,  Vol.  XXXVU.  Na  5.  8vo.   1877. 
JtiMor— Ambitiou'fl  Dream.    New  Edition.    16to.     1877. 
British  Architects^  Ropal  Ittdiiute  o/— Sessional  Papers,  1876-7,  Nob.  8,  9.    4to. 
Carrere,  D, — Journal  de  TAnalyse.    4to.     1876. 
Chemcal  Society— Jouiml  fof  March,  April,  1877.    8ya 
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£tf/tor«— American  Journal  of  Science  for  April,  1877.    Svo. 
AthenflBum  for  April,  1877.    4to. 
Chemical  News  for  April,  1877.    4to. 
Engineer  for  April,  1877.    fol. 
Horoloffioal  Journal  for  April,  1877.    8vo. 
Journal  for  Applied  Science  for  April,  1877.    fol. 
Nature  for  April,  1877.    4to. 
Nautical  Magazine  for  April,  1877.    8va 
Pharmaceutical  Journal  for  April,  1877.    8vo. 
Telegraphic  Journal  for  April,  1877.    8vo. 
Franklin  ifi«ei*efi<e— Journal,  No.  616.    8vo.     1877. 
KJaoMen,  B.  M.  Ksq.  (the  Translator}— Br,  Daniel  Schenkel:   Sketch  of  the 

GItaracter  of  Jesus.    8?o.    1869. 
Manchester  Geological  iSbct^— Transactions,  Vol.  XIV.    Part  8.    Sm    1876-7. 
Mechanical  Engineers*  IntHtution — Proceedings,  Jan.  1877.    8vo. 
Meteorological  0/^ire— Quarterly  Weather  Charts,  1874.    Part  4.    4to.    1877. 
Photographic  Society — Journal,  New  Series,  Vol.  I.  Na  7.    8vo.    1877. 
Eoyal  Society  of  LorMiofi— Philosophical  Transactions,  Vol.  CLXVI.  Part  2.    4to. 

1877. 
StatisUcal  Society— JouttibI,  Vol.  XL.  Part  1.    8?o.    1877. 
Sociiti  HoUandaise  de$  Sciences — Archives  N^rlandaises :  Tome  XI.  Liy.  4,  5: 

Tome  XII.  Liv.  1.    8vo.    187&-7. 
Smithsonian  Institution^  Washington,  U.S, — Annual  Report  for  1875.    8to.    1876. 
Symonsj  O,  /.  Esq,  (the  Author)  SjmonB^  Monthly  Meteorological  Magazine, 

April,  1877.    8vo. 
United  Service  Institution,  i?oya2— Journal,  No.  89.    8vo.    1877. 
Vereins  tur  Befdrderung  des  Qtwerhjieistes  in  Preussen — Verbandelungen,  Mars, 

1877. 
Washington  Observatory,  U.S, — ^Professor  S.  Newcomb:  On  Corrections  to  Han- 
sen's Tables  of  the  Moon.    4to.    1876. 
Professor  Eastman:   On  Difforenoe  of  Longitude  between  Washington  and 
Ogden,  Utah. 
Wild,  H.  (the  Director) — ^Annalen  des  Physicalischen  Central  Obserraioriunis 

Russia,  Jahrgang  1875.    4to.    1876. 
Zoological  /Soets^y— Transactions,  Vol.  IX.  Part  11.    4to.    1877. 
Proceedings,  1876.    Part  4.    8vo.    1877. 
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WEEKLY  EVENING  MEETING, 

Friday,  May  11, 1877. 

Gkobgk  Busk,  Esq.  F.R.S.  Treasurer  and  Vice-President, 
in  the  Chair. 

D.  Maokemzib  Wallace,  Esq.  M.A. 

UEMBBE  or  TIB  IMPSSIAL  BUSaiAN  OB^JORAPHUUL  SOCIBTir. 

Secret  Sodetiee  in  Buasia. 

Ma.  Wallacb  began  with  a  brief  sketch  of  Bnssian  history  down  to 
the  reign  of  Peter  the  Great,  when  the  political  system  was  entirely 
changed,  and  the  mlers  began  to  aim  at  the  civilization  and  moral 
reformation  of  their  subjects,  by  a  bureaucratic  centralized  system. 
The  arbitrary  Paul,  assassinated  in  1801,  was  succeeded  by  Alex- 
ander I.,  educated  by  a  Swiss  philosopher,  and  deeply  imbued  with 
French  revolutionary  doctrines,  which  he  proposed  to  put  into  practice 
by  establishing  a  pure  federal  republic,  with  virtuous,  happy  citizens, 
and  retiring  into  private  life.  He  soon  discovered  his  mistake ;  he 
saw  insubordination  and  corruption  everywhere ;  he  lost  his  faith  in 
Liberalism,  fell  a  victim  to  religious  melancholy,  and  became  a 
devoted  adherent  of  Mettemich.  The  effect  upon  the  young  noblesse 
was  different  It  led  to  a  passionate  desire  for  reform,  and  the  con- 
struction of  secret  societies  to  obtain  it. 

llie  first  of  these  Associations  was  the  '*  Union  of  Salvation,"  in 
1816,  chiefly  composed  of  officers  of  the  guards.  It  was  reorganized  in 
1818,  as  the  **  Union  for  Public  Welfare,"  and  professed  to  help  the 
government  in  suppressing  official  malpractices.  But  as  the  Emperor 
became  more  reactionary,  a  new  society  was  formed,  with  the  object  of 
annihilating  the  Imperial  family  and  constituting  a  federal  republic. 
At  the  dea&  of  Alexander,  in  1825,  the  attempted  military  insurrec- 
tion failed.  Five  officers  were  hanged,  and  above  a  hundred  trans- 
ported to  Siberia. 

During  the  reign  of  Nicholas  we  hear  of  no  secret  societies,  but 
they  began  to  reappear  through  the  depression  caused  by  the  Crimean 
War,  and  the  present  reign  in  some  respects  resembles  that  of 
Alexander  L  It  opened  with  a  great  enthusiasm  for  reform,  and  the 
emancipation  of  the  serfs  took  place  in  1863.  But  the  Polish  in- 
surrection produced  strong  reactionary  measures,  and  secret  societies 
sprung  up,  of  a  very  different  type  to  their  predecessors,  proposing 
the  abolition  of  religion,  marriage,  and  private  property,  and  the 
substitution  of  communism  for  the  government.  The  fundamental 
principle  of  the  latest  of  these  societies  is  absolute  equality  and 
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mutual  refiponsibillty,  with  much  seK-negation.  Its  officers  succeed 
in  rotation,  part  of  them  being  educated  and  part  uneducated.  There 
is  an  active  propaganda,  by  means  of  conversation,  reading,  excite- 
ment of  discontent,  publication  and  circulation  of  books  and  tracts, 
and  the  establishment  of  libraries  and  funds.  Agitation  is  promoted 
to  terrify  the  government  and  the  priyileged  classes,  and  to  raise  the 
spirit  of  the  people. 

In  conclusion,  the  speaker  expressed  his  opinion  that  the  ex- 
treme devotion  of  the  mass  of  the  nation  to  the  Czar  will  prevent 
these  societies  having  any  more  success  than  Fenianism  had  in 
Great  Britain, 
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WEEKLY  EVENING  MEETING, 

Friday,  May  18,  1877. 

Geobos  Busk,  Esq.  F.B.S.  Treasurer  and  Vice-President,  in  the  Chair, 

Libut.-Gen.  Biohabd  Stbaghbt,  R.E.  F.B.S, 

Physical  Causes  of  Indian  Famines. 

LiFX,  whatever  shape  it  takes,  is  passed  in  a  continned  stmggle 
between  the  forces  that  tend  to  preserve  and  to  destroy  it.  Among 
the  most  active  of  these  forces  are  the  conditions  of  local  climate,  and 
notably  those  of  atmospheric  heat  and  moisture.  Speaking  broadly, 
the  same  conditions  stimulate  at  once  the  conservative  and  destructive 
tendencies  by  adding  to  their  intensity ;  so  that  where  the  productive 
powers  of  nature  are  the  greatest,  there  also  the  opposite  influences 
are  commonly  the  most  active.  Thus,  in  the  warmer  parts  of  the 
earth,  where  the  gifts  of  nature  are  most  profuse,  we  have  to  encounter 
in  their  extreme  form  the  devastating  forces  of  tempest,  drought,  flood, 
and  disease;  a  few  weeks,  or  may  be  hours,  sweep  away  the  results 
which  it  has  taken  years  of  the  labour  of  man,  or  the  more  silent 
industry  of  nature  to  accumulate.  The  evidence  of  the  truth  of  this 
is  unhappily  too  dose  at  hand.  Ton  will  find  it  in  the  drought 
which  is  now  laying  the  iron,  hand  of  famine  on  a  large  part  of 
southern  and  western  India ;  in  the  similar  calamity  that  fell  on  parts 
of  Bengal  three  years  ago ;  in  the  sudden  disaster  which  within  the 
last  few  months  destroyed  perhaps  100,000  human  beings  in  two 
or  three  hours  in  the  delta  of  the  Ganges  by  a  flood  caused  by  a 
cyclone ;  in  the  ravages  of  cholera,  which  sweeps  away  the  survivors 
of  famine  or  flood;  and  in  the  long  series  of  past  occurrences  of 
a  similar  character  recorded  in  the  history  of  India. 

The  conclusion  is  ]ainfully  forced  upon  us  that  practical  civiliza- 
tion has  gone  a  very  little  way  when  we  find  that  hardly  more  than  a 
first  step  has  yet  been  taken  in  the  successful  application  of  our 
knowledge  and  material  resources  to  warding  off  calamities  such  as 
these.  It  is  not,  however,  my  intention  to  dwell  on  this  aspect  of 
the  subject,  serious  though  it  be.  My  present  task  is  a  much  more 
limited  one,  that  of  placing  before  you,  to  the  best  of  my  ability,  an 
explanation  of  the  physical  conditions  under  which  one  class  of  these 
scourges  of  India  arises,  namely  seasons  of  drought. 

Before  I  enter  on  the  more  special  matters  with  which  I  shall 
have  to  deal,  I  think  it  desirable  to  draw  attention  to  certain  points 
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bearing  on  the  general  subject  of  Indian  droughts  and  famines,  and 
their  oonsequences,  on  which  it  seems  to  me  that  erroneous  im- 
pressions are  prevalent 

In  the  first  place,  great  though  the  calamity  of  an  Indian  famine 
be,  both  to  the  population  directly  affected  by  it,  and  to  the  general 
community  that  has  to  bear  the  loss  it  causes,  yet  its  gravity  may 
easily  be  exaggerated.  There  has  been  not  a  little  declamation  to 
the  effect  that  the  frequent  recurrence  of  Indian  famines  renders  the 
permanent  improvement  and  well-being  of  the  country  almost  hope- 
less. Let  us  compare  India  in  this  respect  with  our  own  country, 
the  prosperity  of  which  cannot  be  questioned.  The  two  last  and 
severest  Indian  famines  of  recent  years,  that  of  Bengal,  and  that 
under  which  a  large  tract  now  suffers,  may  be  reckoned  to  cost  the 
State  in  all  six  or  seven  millions  sterling  each.  Of  this  sum,  in  each 
case,  perhaps  one  and  a  half  or  two  millions  may  represent  loss  of 
revenue,  and  the  remaining  four  and  a  half  or  five  millions  the  cost  of 
relief.  Now  the  ordinary  yearly  cost  of  Poor  Law  relief  in  England 
is  about  seven  millions  sterling,  while  a  few  years  ago  it  was  eight 
millions.  Again,  at  the  present  time  in  India  the  population  in  receipt 
of  relief  in  the  British  districts  is  estimated  at  about  one  and  a 
quarter  millions  in  all.  The  number  of  persons  who  receive  relief  in 
England  at  the  present  time  may  be  reckoned  at  700,000  for  every 
day  of  the  year,  permanently,  and  a  few  years  ago  it  was  as  much 
as  one  million. 

Further,  it  is  stated,  on  good  authority,  that  of  the  thirty-three 
millions  of  inhabitants  of  the  United  Kin^om,  eighteen  millions  are 
fed  by  the  produce  of  our  islands,  and  fifteen  millions  by  imported 
food.  It  is  not  possible  to  form  any  opinion  as  to  the  proportion 
of  food  produced  locally  and  that  imported  for  an  Indian  province 
sufforing  &om  famine ;  but  of  the  country  as  a  whole  it  may  be  said 
with  certainty,  that  the  food  supply  easily  provides  for  the  entire 
population  under  all  known  circumstances,  and  that  in  the  late  severe 
Bengal  famine  the  export  of  grain  continued  without  very  great 
diminution  in  spite  of  the  local  failure  of  crops. 

Much  misconception  also  exists  as  to  the  density  of  the  population 
of  India.  It  is  no  doubt  true  that  in  some  districts  the  population  is 
very  great,  but  this  is  by  no  means  universal.  In  the  provinces  now 
suffering,  the  population  in  the  worst  districts  is  only  150  to  the  square 
mile,  and  the  highest  average  does  not  come  up  to  260  to  the  square 
mile ;  the  average  of  the  British  Isles  being  about  260  per  square 
mile.  In  the  Bengal  famine  the  density  of  population  was  much 
greater ;  so  that  it  is  approximately  true,  that  now  the  total  popula- 
tion of  the  suffering  districts  is  nearly  equal  to  that  of  the  Bengal 
districts  that  suffered,  namely,  thirty  to  thirty-three  millions ;  though 
the  area  of  the  latter  76,000  square  miles  was  only  half  of  daki 
now  affected,  150,000  square  miles.  There  is  no  sort  of  positive  evi- 
dence that  the  population  of  any  part  of  India  has  rapidly  increased  of 
late  years.    On  this  subject  we  have  no  facts  at  all  on  which  to  idj, 
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and  the  opinions  freqnentlj  expressed  on  it  are  necessarily  based  on 
surmise,  and  are  in  my  own  judgment  more  likely  to  be  wrong  than 
right.  The  first  and  only  census  in  the  province  of  Bengal  was  not 
taken  tiU  1872,  and  it  will  show  the  utter  want  of  value  of  guesses  on 
such  subjects,  when  1  mention  that  the  actual  enumeration  showed 
that  the  population  was  sixty-seven  millions,  where  previous  estimates 
had  made  it  forty-two  millions. 

I  shall  now  proceed  to  the  main  subject  of  my  address. 

Let  me  ask  your  attention  to  the  map  of  India  before  you.  On 
the  north,  you  see  the  mountainous  region  of  Tibet,  the  southern 
border  of  which  is  formed  by  the  ranges  known  as  the  Himalaya, 
extending  over  a  length  of  about  2000  miles,  and  rising  along  the 
whole  line  into  the  region  of  perpetual  snow ;  few  of  the  pusses  being 
at  a  less  altitude  than  15,000  or  16,000  feet,  peaks  of  20,000  feet  being 
abondant,  and  the  highest  summit  yet  measured  reaching  29,000  feet 
above  the  sea  level.  On  the  west,  this  elevated  region  is  connected 
with  the  table-land  of  Afghanistan  and  Baluchistan,  the  border  of 
which  forms  the  frontier  of  India  along  the  Indus.  On  the  east,  high 
mountains  spread  out  from  Tibet  southwards,  constituting  the  western 
parts  of  China,  and  extending  to  the  sea  in  Burmah,  the  Malay  pen- 
insula, and  Cochin-China ;  the  eastern  frontier  of  British  India  lies 
along  the  outer  ramifications  of  these  ranges  from  Assam,  by  the  delta 
of  the  Ganges  and  Brahmaputra,  to  the  districts  of  Anracan  and 
Burmah. 

The  northern  provinces  of  British  India  occupy  a  great  plain 
which  flanks  the  Himalaya  along  its  entire  length,  expanding  at  both 
extremities  to  the  sea ;  on  the  east  over  the  delta  of  the  Ganges,  which 
is  roughly  coincident  with  the  province  of  Bengal,  and  on  the  west 
throng  the  Punjab  and  Sindh,  along  the  course  of  the  Indus  and 
its  great  tributaries  to  the  Arabian  sea.  This  plain  rises  at  its 
highest  point  between  the  Sutlej  and  the  Jmnna  to  something  less 
than  1000  feet  above  the  sea,  presenting  over  its  whole  extent  an 
almost  unbroken  surface,  which  has  the  appearance  of  perfect  hori- 
zontality. 

What  is  commonly  spoken  of  as  the  Indian  peninsula  is  occupied 
by  a  table-land,  roughly  triangular  in  shape,  having  its  broadest  end 
immersed,  so  to  speak,  in  the  continent,  to  the  extent  of  about  one- 
third  of  the  distance  from  its  base  to  its  apex,  the  immersed  portion 
being  surrounded  by  the  great  northern  plain.  The  southern  half  of 
the  western  flank  of  this  table-land  forms  the  line  of  mountains  called 
the  Western  Ghats,  and  the  northern  half  the  hills  that  bound  Baj- 
pootana  on  the  west,  ending  at  Delhi.  The  highest  points  on  the 
Western  Ghats  proper  hardly  exceed  4000  feet  in  elevation,  though 
the  Nilgheri  mountains,  near  the  southern  end  of  the  peninsula,  rise 
to  8000  feet. 

The  eastern  margin  of  the  table-land  is  less  sharply  defined  than 
the  western,  and  is  less  in  elevation  also,  having  a  varying  extent  of 
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low-lyiug  laud  between  it  aud  the  sea.  The  northern  border  is  still 
less  strongly  devolopeil ;  it  gradually  declines  in  the  north-west,  where 
it  can  hardly  be  distinguished,  the  table-land  merging  into  the  plain. 
The  average  altitude  of  the  plateau  is  probably  about  1500  feet  above 
the  sea,  being  most  in  the  south,  wheire  it  rises  in  some  places  to  3000 
feet,  and  generally  greater  on  the  west  than  on  the  east,  so  that  with 
two  remarkable  exceptions,  all  the  more  important  rivers  that  carry 
off  the  drainage,  flow  off  to  the  eastward. 

These  exceptions  are  due  to  the  occurrence  of  a  line  of  geological 
disturbance  or  discontinuity,  which  crosses  the  table-land  from  south- 
west to  north-east,  being  marked  by  the  valleys  of  the  Nerbudda  river 
on  the  west,  the  first  of  the  exceptional  rivers  just  referred  to,  and  of 
the  Bone  on  the  east,  and  the  lines  of  elevation  that  flank  them, 
known  as  the  Yindhya,  Satpura,  and  Eaimor  ranges.  The  Taptee, 
the  second  of  the  exceptional  rivers  flowing  westward,  occupies  a 
▼alley,  nearly  parallel  to,  and  not  far  removed  from  that  of  the 
Nerbudda,  and  no  doubt  having  its  origin  in  the  same  physical 
causes. 

The  table-land  of  the  peninsula,  strictly  speaking,  should  be  held 
to  terminate  at  the  Nilgheri  mountains,  immediately  south  of  which  a 
complete  interruption  of  the  Western  Ghats  takes  place.  The  moun- 
tains which  extend  from  this  point  to  the  apex  of  the  peninsula  at 
Gape  Gomorin,  rise  to  a  considerable  elevation  at  some  places,  but 
have  no  longer  any  of  the  characters  of  a  table-land. 

The  part  of  India  which  is  at  the  present  time  suffering  from  the 
effects  of  drought,  includes  nearly  all  that  which  lies  on  the  summit 
of  the  table-hmd,  from  a  line  100  miles  south  of  the  Taptee  river  to 
the  Nilgheris,  along  a  band  200  miles  wide,  measuring  from  the 
Western  Ghats  eastward,  as  well  as  the  low-lying  districts  on  the  east 
coast  between  the  sea  and  the  foot  of  the  eastern  slope  of  table-land 
south  of  the  Eistna  river.  The  British  area  affected  is  about  150,000 
square  miles,  with  a  population  of  more  than  thirty  millions.  Tou 
may  compare  with  this  the  area  and  population  of  Spain,  which  has 
200,000  square  miles  and  seventeen  millions  of  inhabitants;  and 
Italy,  with  100,000  square  miles  and  twenty-four  millions  of  inha- 
bitants ;  you  can  thus  judge  of  the  vast  magnitude  of  the  task  before 
the  Government  in  dealing  with  a  scarcity  spread  over  such  an  extent 
of  country. 

These  same  regions  are  always  liable  to  suffer  from  deficient  rain- 
fall, and  the  low-lying  coast  districts  not  now  affected,  north  of  the 
Eistna,  have  also  on  former  occasions  suffered  in  an  extreme  degree. 
The  Bengal  drought  of  1873  extended  over  the  part  of  the  great 
northern  plain  immediately  contiguous  to  the  Gangetio  delta,  and  the 
western  border  of  the  delta.  It  was  very  exceptional  so  fiir  as 
concerns  the  portion  of  the  area  affected  that  lay  north  of  the  Ganges 
and  in  the  delta.  The  portions  of  the  great  plain  lying  south  of 
the  Ganges,  along  the  northern  border  of  the  table-land,  from  the 
junction  of  the  Sone  with  the  Ganges,  as  far  as  the  Sutlej,  have  at 
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infeervals  Buffered  from  severe  drought,  proximity  to  the  Himalaya 
being,  as  a  rale,  associated  with  more  favourable  rainfall. 

The  part  of  the  table-land  north  of  the  Nerbudda  embracing 
Bajpootana  has  suffered  very  severely  within  recent  times. 

The  first  point  to  consider  in  relation  to  the  matter  before  us, 
will  naturally  be  the  ordinary  distribution  of  the  rain.  This  is 
shown  on  the  map,  on  which  have  been  drawn  lines  indicating  ap- 
proximately the  average  amount  of  rain  over  the  whole  country. 

With  some  exceptions,  to  which  special  attention  will  be  necessary, 
the  chief  fall  of  i:ain  in  India  takes  place  daring  the  period  of  the 
south-west  monsoon,  that  is  from  May  to  October,  the  remainder  of 
the  year  being  comparatively  dry.  These  summer  rains  prevail  over 
the  whole  of  the  coasts  of  southern  Asia  which  are  under  the  influ- 
ence of  the  south-west  winds,  namely,  from  Arabia  to  China ;  and  they 
are  felt  in  a  more  or  less  marked  manner  to  great  distances  inland, 
being  abundant  over  India  generally,  and  along  the  whole  of  the 
southern  slope  of  the  Himalaya  from  the  Brahmaputra  to  the 
Indus. 

The  rain  at  this  season  is  very  heavy  along  the  coast  of  the  Malay 
peninsula,  through  Burmah  to  Assam  and  the  Himalaya  beyond.  On 
the  north  its  progress  is  in  a  great  degree  arrested  by  the  snowy  moun- 
tains, so  that  it  only  just  reaches  in  the.  slightest  manner  the  southern 
borders  of  Tibet.  In  the  north-west  quarter  these  rains  gradually 
cease  in  eastern  Afghanistan,  the  city  of  Kabul  being  beyond  their 
influence,  and  generally  they  do  not  extend  in  an  important  degree 
beyond  the  outer  ranges  of  hills  that  flank  the  lower  course  of  the 
Indus. 

On  the  west,  or  Malabar  coast  of  the  peninsula,  the  summer  rain- 
fall is  extremely  high.  On  the  east,  or  Coromandel  coast,  the  quantity 
at  this  season  is,  however,  comparatively  small,  the  principal  fall  there 
taking  place  in  October  and  November  after  the  south-west  monsoon 
has  ceased.     To  this  apparent  anomaly  I  shall  again  revert 

Besides  the  principal  season  of  summer  rain,  there  is  clearly  deve- 
loped in  the  north  of  India  a  distinct  season  of  winter  rain,  which  has 
its  maximum  nearly  corresponding  with  the  period  of  greatest  cold,  in 
January  and  February.  This  rain  becomes  less  important  as  we  move 
southward,  being  hardly  noticeable  in  Bombay  or  Calcutta,  or  farther 
south  ;  while  in  Afghanistan,  where  it  is  prolonged  into  the  spring,  it  is 
the  heaviest  and  most  valuable  of  the  whole  year. 

I  need  perhaps  hardly  remark  that  the  source  from  which  the 
summer  rains  of  India  are  supplied  is  the  continued  stream  of  air 
highly  charged  with  vapour,  which  is  poured  over  the  land  from  the 
Indian  Ocean  by  the  winds  that  blow  during  the  season,  known  as  the 
south-west  monsoon.  To  apprehend  correctly  how  these  winds  thus 
operate,  some  explanation  of  their  cause  and  mode  of  occurrence  will 
be  requisite. 

It  is  a  common,  but  erroneous  mode  of  stating  the  efficient  cause 
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of  wind  to  refer  it  to  difference  of  temperature  of  two  contiguous  areas ; 
namely,  that  cold  air  being  more  dense  and  heavier,  necessarily  dis- 
places hot  air,  which  is  lighter,  the  accompanying  motion  being  wind. 
Indirectly,  no  doubt,  the  difference  of  temperature  often  operates  in 
this  manner.  But  the  true  cause  of  all  moyements  of  the  atmosphere 
which  we  describe  as  wind  is  wholly  mechanical,  being  difference  of 
pressure  at  neighbouring  places,  and  the  facts  cannot  be  properly  dealt 
with  if  this  is  lost  sight  of. 

The  upper  strata  of  the  atmosphere  press  by  their  weight  on  those 
at  the  earth's  surface,  and  the  effect  is  indicated  by  help  of  the  baro- 
meter, which  measures  the  weight  or  pressure  of  the  air  above  us  at 
any  moment  in  inches  of  mercury ;  30  inches  of  mercury  over  any 
surface  being  nearly  equal  in  weight,  or  producing  equal  pressure,  to 
that  caused  by  the  whole  atmosphere  over  the  same  suHace.  The 
pressure  of  course  diminishes  as  we  ascend,  there  being  less  and  less 
air  above  us,  and  the  barometer  falls.  Moreover,  when  the  air  is  at 
rest  an  equal  weight  or  pressure  will  be  found  at  all  places  equally 
distant  from  the  earth's  surface ;  or  in  other  words,  the  planes  of 
equal  pressure  will  be  truly  horizontal.  If,  at  any  time,  this  is  not 
the  case,  a  result  follows  exactly  like  that  which  takes  place  in  a 
body  of  water  the  surfiEuse  of  which  is  not  horizontal ;  namely,  the  air 
flows  from  the  higher  to  the  lower  points,  which  movement  continues 
till  the  planes  of  equal  pressure  are  restored  to  horizontality. 

Changes  of  temperature  over  any  area  by  causing  the  expansion  or 
contraction  of  the  superincumbent  body  of  air  disturb  the  levels  of  the 
planes  of  equal  pressure  in  the  upper  strata  of  the  atmosphere,  heat 
causing  them  to  rise  and  to  separate  from  one  another,  and  cold  bringing 
them  down  and  closer  together;  by  reason  of  which  the  air  flows  off  on 
all  sides,  above,  from  a  relatively  heated  area,  and  flows  in  on  all  sides, 
above,  to  a  relatively  cooled  one.  The  immediate  consequence  of  such 
movements  in  the  upper  strata  will  be  to  reduce  the  pressure  of  the 
surface  over  the  hot  area  from  which  air  has  been  thrown  off,  and  to 
increase  it  over  the  cold  one  towards  which  air  has  flowed  in,  and 
this  will  be  accompanied  by  a  wind  at  the  surface,  blowing  from  the 
cold  area  to  the  hot  one.  The  movements  in  the  upper  and  lower 
parts  of  the  atmosphere  are  thus  the  converse  one  of  the  other,  and 
tend  to  restore  the  equilibrium  or  horizontality  of  the  planes  of  pres- 
sure disturbed  by  changes  of  temperature.  But  though  this  is  the 
general  law  which  regulates  such  movements,  the  actual  conditions 
under  which  the  atmosphere  is  placed,  and  more  particularly  the 
influence  of  the  rotation  of  the  earth,  which  is  imparted  by  friction 
to  the  superincumbent  air,  are  constantly  causing  disturbances  of 
what  might  otherwise  have  been  comparatively  simple  movements, 
so  that  the  resulting  directions  of  the  wind  as  observed  are  not  much 
more  readily  connected  with  the  differences  of  pressures  than  with 
the  differences  of  temperatures  which  lead  to  them.  In  our  own  lati- 
tudes, for  instance,  the  direction  of  the  wind  is  commonly  more  nearly 
parallel  to  the  lines  of  equal  pressure  at  the  surface  than  perpon- 
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dioular  to  them,  which  would  clearly  be  the  case  if  the  winds  were 
chiefly  regulated  by  direct  differences  of  pressure. 

It  is  no  doubt  well  known  to  yon  that  two  well-marked  seasons  of 
periodical  wind  recur  regularly  year  by  year  along  the  coasts  of 
southern  Asia  and  over  the  neighbouring  seas,  known  as  the  south- 
west monsoon  of  the  summer  months,  and  the  north-east  monsoon  of 
the  winter  months.  The  high  summer  temperature  of  the  great  arid 
plateaus  of  Asia  causes  a  dispersion  of  the  air  oyer  them,  which  is 
marked  by  a  very  considerable  fall  of  the  barometric  pressure  over  the 
whole  continent,  and  is  accompanied  by  a  less  great  but  perfectly 
distinct  increase  of  pressure  over  the  adjoining  ocean  regions  south  of 
the  equator,  which  then  have  their  winter  season.  Under  the  great 
difference  of  pressure  thus  established  the  air  flows  in  powerfully 
towards  the  continent  of  Asia  from  the  surrounding  seas,  the  move- 
ments becoming  well  marked  in  April  with  the  rapid  rise  of  tem- 
perature that  then  commences,  and  attaining  their  maximum  in  July, 
soon  after  the  summer  solstice.  This  is  the  south-west  monsoon. 
When  the  temperature  of  Asia  falls,  which  it  does  in  September,  as  the 
sun  goes  rapi^y  south,  the  barometric  pressure  begins  to  be  restored, 
and  it  becomes  generally  equalized  over  the  southern  parts  of  the 
continent  in  October,  when  this  monsoon  ceases. 

The  converse  action  takes  places  in  the  winter.  The  same  causes 
which  led  to  the  great  suomier  heat  in  Asia,  namely,  the  great  extent 
of  dry  and  barren  surface,  produce  excessive  winter  cold,  which  is 
accompaDied  by  a  well-marked  increase  of  barometric  pressure,  again 
to  be  followed  by  the  development  of  winds  from  the  land  towards  the 
sea,  which  give  rise  to  the  north-east  monsoon. 

As  is  well  known,  the  winds  blowing  northward  from  the  equator 
bring  air  which  has  there  acquired  a  high  eastward  velocity  of  rotation 
to  places  where  the  velocity  of  surfiEice  rotation  is  less,  and  therefore 
are  felt  as  winds  impressed  with  an  eastward  movement,  and  this 
being  combined  with  their  northward  movement  produces  the  south- 
west winds  of  the  summer  monsoon.  The  movements  towards  the 
equator  in  a  similar  manner  lead  to  the  north-east  winds  of  the  winter 
monsoon. 

But  though  this  supplies  the  general  key  to  the  great  changes  in 
the  winds  of  southern  Asia,  the  local  succession  of  their  directions 
depends  on  special  local  influences,  which  disguise  the  general  law, 
and  ipay  even  in  a  great  measure  counteract  it. 

The  south-west  monsoon  begins  in  the  Arabian  sea  with  north- 
west and  westerly  winds,  which  draw  round  to  south-west  as  the 
summer  advances,  and  again  fall  back  by  west  to  north  in  the  autumn 
and  winter.  In  the  Bay  of  Bengal  the  south-west  monsoon  blows  as  a 
southerly  or  south-easterly  wind,  being  succeeded  by  north-easterly 
winds  after  October,  which  in  tarn  give  place  as  the  winter  months 
succeed,  to  winds  from  north  and  north-west. 

Again  the  winds  during  the  south-west  monsoon  do  not  generally 
blow  over  the  land  in  a  south-westerly  direction.     The  current  of  air 
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flowing  in  from  the  sea  is  gradually  diverted  towards  the  area  of  least 
pressure,  and  at  the  same  time  becomes  dissipated  and  loses  much  of 
its  original  force  as  it  passes  from  the  area  of  greater  pressure  and 
lower  temperature  to  that  of  reduced  pressure  and  higher  temperature. 
The  irregularities  of  the  land  surface  also  operate  powerfnlly  in 
destroying  the  uniform  character  which  the  winds  maintain  while 
passing  over  the  uniform  surface  of  the  ocean.  The  great  mountain 
ranges  along  the  north  of  India  act  moreover  as  an  effectual  barrier 
to  the  movements  of  the  wind  in  that  direction.  It  is  from  these 
causes  that  we  find  the  winds  which  blow  over  the  Arabian  sea  from 
the  south-west  become  southerly  winds  as  they  pass  up  the  valley  of 
the  Indus ;  the  winds  of  the  Bay  of  Bengal  which  have  already  been 
diverted  to  the  sonth,  acquire  an  easterly  tendency  as  they  blow  over 
the  delta  of  the  Gknges,  and  pass  as  south-east  winds  along  the  foot 
of  the  Himalaya  towards  the  hotter  regions  in  the  north-west 

The  body  of  air  which  is  thns  carried  by  the  winds  of  the  south- 
west monsoon  from  the  ocean  over  India  necessarily  comes  up  highly 
charged  with  watery  vapour ;  the  conditions  under  which  this  vapour 
is  released  over  the  land  in  the  form  of  rain,  I  next  have  to  explain. 

Tou  are  all  familiar  with  the  facia  that  water  when  heated  passes 
into  the  condition  of  an  invisible  vapour,  and  that  vapour  when 
cooled  is  condensed  again  into  water.  Watery  vapour,  like  air,  being 
an  elastic  fluid,  is  liable  to  vary  in  density  and  weight,  and  the  greater 
the  density  the  larger  will  be  the  quantity  of  water  held  in  suspen- 
sion. But  the  quantity  of  water  that  can  thus  be  kept  in  the  state  of 
vapour  depends  on  the  temperature,  and  therefore  when  the  tempera- 
ture falls  below  a  certain  point  some  of  the  vapour  is  restored  to  the 
state  of  water,  and  only  that  part  remains  in  the  gaseous  form  that 
the  particular  temperature  permits.  When  air  contains  as  much 
vapour  as  is  consistent  with  its  temperature,  it  is  said  to  be  saturated 
with  moisture ;  the  proportion  of  actual  vapour  to  the  greatest  possible 
quantity  is  termed  tiie  proportion  of  saturation. 

The  vapour  formed  by  evaporation  at  the  earth's  surface  is  much 
less  dense  than  ordinary  air,  and  therefore  constantly  tends  to  diffuse 
itself  upwards,  and  thus  becomes  disseminated  in  the  atmospheire. 
At  the  same  time,  since  the  temperature  of  the  air  falls  about  V  Fahr. 
for  each  300  feet  that  we  rise  from  the  sea  level,  the  operation  of  this 
law  leads  to  such  a  reduction  of  the  heat  in  the  upper  strata,  as  to 
cool  the  ascending  vapour,  and  at  length  to  condense  all  that  is  in 
excess  of  what  the  reduced  temperature  of  each  successive  stratum 
admits  of  being  retained  in  the  gaseous  form. 

The  supply  of  vapour  passing  upwards  is  therefore  being  con- 
stantly reduced  as  it  ascends,  and  it  thus  happens  that  nine-tenths 
of  the  whole  quantity  of  vapour  in  the  entire  atmosphere  are  to  be 
found  below  an  altitude  of  20,000  feet.  Where  the  evaporation  at  the 
surface  is  very  copious,  as  it  would  be  in  a  tropical  sea  with  an 
air  temperature  for  instance  of  80°  Fahr.,  if  the  vapour  spread  itself  up- 
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wards  according  to  the  known  laws  which  it  obeys,  we  might  commonly 
find  the  air  near  the  surface  to  contain  say  four-fifths  of  the  quantity 
required  for  saturation,  and  it  would  therefore  be  perfectly  trans- 
parent, and  no  condensation  would  occur.  But  these  conditions 
would  at  length  lead  to  the  quantity  of  yapour  that  reached  an 
elevation  of  4000  feet  being  incompatible  with  its  existence  there  in 
a  gaseous  form,  because  the  air  temperature  would  be  only  68^,  while 
a  temperature  of  about  70^  would  be  necessary  to  admit  of  the  vapour 
retaining  its  gaseous  condition.  Condensation  would  therefore  have 
taken  place  below  4000  feet,  and  a  stratum  of  clouds  would  have 
formed,  which  according  to  circumstances  might  either  be  carried 
away  and  dispersed  by  winds,  or  discharge  downwards  the  condensed 
water  as  rain.  There  is  thus  in  the  atmosphere  at  all  times  and 
places  a  more  or  less  definite  tendency  towards  the  formation  of  doud 
and  the  fall  of  rain,  by  reason  of  the  conflicting  laws  of  the  diflusion 
of  vapour  and  of  the  distribution  of  temperature  in  the  atmosphere ; 
and  in  strict  truth  our  search  might  rather  be  for  the  causes  that 
intercept  or  interfere  with  this  action,  than  for  those  under  which  it 
continues  to  operate. 

There  are,  however,  circumstances  which  may  so  greatly  add  to  the 
intensity  of  the  condensation  of  vapour  in  the  upper  regions  of  the  air 
as  to  call  for  special  notice.  Where  a  wind  charged  with  vapour  blows 
over  an  irregular  surface,  as  from  the  sea  across  tihe  face  of  a  mountain, 
and  the  whole  body  of  moving  air  is  thus  forced  upwards,  the  expan- 
sion that  follows  is  accompanied  by  a  fall  of  temperature  analogous  to 
that  which  is  observed  in  all  the  higher  strata  of  the  atmosphere ;  and 
as  in  this  case  the  whole  body  of  vapour  is  cooled  down,  instead  of, 
as  in  the  hypothesis  I  before  made,  only  the  portion  that  rose  by 
difliision  to  the  higher  level,  the  condensation  is  proportionally  more 
copious  and  sudden,  and  takes  the  form  of  heavy  clouds  that  rest  on 
the  moantain,  or  of  rain  that  falls  upon  its  slopes. 

The  mixture  of  cold  with  hot  currents  of  air  highly  charged  with 
vapour  is  another  possible  cause  of  the  condensation  of  rain  ;  though 
I  think  a  not  frequent  one  in  the  countries  to  which  our  attention  is 
now  specially  directed. 

We  are  now  in  a  position  to  consider  somewhat  more  in  detail  the 
phenomena  of  the  Indian  periodical  rainy  seasons.  The  primary 
agents  are  the  high  summer  temperature  of  the  continent,  and  the 
consequent  influx  of  a  current  of  air  from  the  south,  blowing  over  a 
great  expanse  of  tropical  ocean,  and  consequently  highly  charged 
with  vapour.  If  at  first  there  appears  something  anomalous  in  the 
chief  rainy  season  occurring  at  the  hottest  part  of  the  year,  whereas 
the  condensation  that  causes  rain  is  essentially  a  result  of  cold,  we 
have  to  remember  that  the  requisite  cold  is  relative  and  not  absolute, 
and  that  as  the  water  suspended  in  the  air  is  greater  in  proportion  as 
the  temperature  is  high,  the  quantity  likely  to  be  released  by  any 
disturbances  capable  of  producing  condensation  will  also  be  greater 
in  a  similar  proportion.    Moreover,  the  dispersion  upwards,  over  the 
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heated  oontlnent,  of  the  air  that  flows  in  from  the  south,  conduces  to 
the  increase  of  the  quantity  of  yapour  in  the  upper  parts  of  the 
atmosphere,  and  to  the  maintenance  of  a  state  of  unstable  equili- 
brium in  which  moderate  local  disturbances  of  temperature  are  likely 
to  cause  condensation  and  produce  rain. 

The  fall  of  temperature  which  follows  the  oommenoenient  of  the 
rainy  season  is  first,  no  doubt,  an  effect  of  Hhe  fall  of  rain,  which 
brings  to  the  surface  of  the  earth  the  water  condensed  in  the  much 
cooler  higher  strata ;  but  the  loss  of  heat  is  continued  afterwards,  in 
consequence  of  the  sun's  movement  southward,  and  thus  the  dispo- 
sition to  condensation  is  maintained  as  long  as  the  southerly  winds 
blow.  As  the  change  from  the  southerly  to  the  northerly  monsoon 
is  concurrent  with  the  rapid  fjedl  of  temperature  which  begins  in 
northem  India  about  the  end  of  September,  the  close  of  the  rainy 
season,  like  its  commMicement,  is  commonly  nuurked  by  heavy  foils  of 
rain ;  the  one  caused  by  the  &rst  overthrow  of  the  equilibrium  of  the 
vapour  unstably  suspended  in  the  highly  heated  air  at  the  solstice, 
and  the  other  by  the  direct  loss  of  heat  which  is  experienced  after 
the  equinox. 

The  summer  rains  make  their  first  appearance  on  the  southern 
parts  of  the  west  coast  in  May,  where  the  southerly  winds  have  then 
become  established.  The  region  of  greatest  heat  is  now  to  be  found 
at  the  extremity  of  the  peninsula,  the  winds  at  Bombay  not  yet  blow- 
ing from  a  point  south  of  west.  By  the  middle  of  June,  as  the  area 
of  greatest  heat  has  advanced  northward,  and  the  winds  have  drawn 
well  to  the  southward  in  the  Indian  seas,  the  rains  begin  to  fall  at 
Bombay,  about  which  time  also  they  become  established  at  Calcutta. 

The  fall  on  the  west  coast  is  very  abundant  The  scarp  of  the 
table-land,  or  Western  Ghats,  which  forms  an  almost  continuous  ob- 
stacle in  the  path  of  the  south-west  winds,  gives  rise  to  great  conden- 
sation, from  causes  already  explained,  the  result  being  excessively 
heavy  falls  of  rain  along  the  face  of  the  mountains  exposed  to  the  sea, 
and  on  the  country  between  them  .and  the  sea,  on  the  more  exposed 
parts  of  the  former  the  quantity  measured  reaching  more  than  250 
inches,  and  on  the  latter  from  100  to  120  inches.  To  leeward  of  this 
line  of  elevation  the  rain  very  rapidly  diminishes,  so  that  the  quantity 
measured  at  Poena,  60  miles  from  the  coast,  is  only  25  inches.  Mani- 
festly, after  any  great  quantity  of  rain  has  been  once  condensed  from 
the  south-west  winds,  there  remains  relatively  little  to  supply  the 
districts  to  leeward ;  and  if,  as  is  here  the  case,  the  obstructing  range 
of  heights  is  considerably  more  elevated  than  the  surface  of  the  table- 
land, probability  of  fnrtiier  condensation  after  the  wind  passes  that 
range  is  much  reduced.  The  ridge,  however,  in  fact,  is  a  good  deal 
broken  in  its  outline,  and  openings  occur  at  intervals  through  which 
more  or  less  vapour  passes,  and  aids  in  supplying  rain  to  tibe  table- 
land. 

The  gradual  extinction  of  the  very  heavy  rainfall  of  the  Malabar 
coast  as  we  approach  Cape  Comorin,  near  which  we  have  less  than  SO 
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inches,  and  the  corresponding  diminution  at  the  northern  extremity 
of  the  coast,  are  readily  exphiined  by  the  smaller  amount  of  disturb- 
ance caused  by  the  more  broken  character  of  the  mountain  ranges, 
and  by  the  air  being  able  to  pass  round  the  end  of  the  barrier  instead 
of  bemg  forced  oyer  it  The  fact  that  during  this  season  the  rain 
only  extends  40  or  50  miles  from  the  coast  out  to  sea  plainly  depends 
on  a  similar  cause. 

Following  the  coast  westward,  we  find  that  though  the  south- 
west winds  blow  with  great  force  and  regularity  over  the  coast,  at  the 
mouth  of  the  Indus  and  in  Sindh  the  fall  of  rain  is  very  small  and 
irregular.  For  here  this  wind  meets  with  no  such  obstruction  as  that 
of  the  line  of  Western  Qhats.  On  the  contrary,  the  ai!r  passes  from  a 
comparatiyely  cool  sea  surface,  over  a  very  hot  surface  of  low  land, 
and  any  tendency  to  condensation  that  might  be  caused  by  the  slight 
rise  over  the  land,  is  more  than  compensated  by  the  increased  tempera- 
ture. 

The  current,  therefore,  passes  on  as  a  southerly  wind,  carrying 
with  it  the  uncondensed  vapour  over  Sindh,  to  be  at  length  precipi- 
tated on  the  outer  ranges  of  the  Himalaya  in  the  Punjab,  or  on  tiie 
mountains  of  eastern  Afghanistan.  There  is  no  room  to  doubt,  that 
had  a  range  of  mountains,  such  as  the  Western  Ghats,  connected  the 
high  land  of  the  Indian  peninsula  with  that  of  Baluchistan,  the  whole 
of  the  Punjab  must  have  been,  what  the  country  that  lies  between  it 
and  the  sea  is,  almost  entirely  deprived  of  rain. 

The  importance  of  the  great  valleys  of  the  Taptee  and  Nerbudda, 
in  connection  with  the  rainfall  of  central  India,  will  now  be  apparent. 
Up  these  openings  the  south-west  winds  pour  their  vapour-bearing 
streams,  and  furnish  to  a  large  area  in  the  heart  of  the  peninsula  the 
rain  which  is  precipitated  by  the  atmospheric  disturbances  that  occur 
around  the  high  lands  in  tiie  centre  of  the  table-land.  This  diver- 
sion of  the  vapour-bearing  currents  aids,  no  doubt,  in  producing  the 
diminished  fall  of  rain  observed  in  the  northern  coast  districts  around 
Guzerat,  as  compared  to  those  near  Bombay  and  farther  south,  and 
serves  to  explain  the  increased  fall  of  between  40  and  60  inches,  in 
central  India,  as  compared  to  that,  between  20  and  30  inches,  in  the 
Deccan. 

The  south-west  winds  of  the  west  coast  do  not,  properly  speaking, 
extend  across  the  peninsula.  On  the  Madras  coast,  during  the  south- 
west monsoon,  the  land  and  sea  breezes  continue  to  be  strongly  marked, 
whereas  on  the  west  coast  they  disappear,  and  the  rainfall  between 
May  and  September  over  the  southern  and  eastern  portion  of  the 
peninsula  is  relatively  small. 

On  the  opposite  coast  of  the  Bay  of  Bengal,  and  along  the  Malay 
peninsula,  excessively  heavy  rain  is  the  rule  during  this  season,  the 
quantity  being  from  100  to  200  inches.  Here,  too,  a  continuous  line 
of  mountain  follows  the  coast  facing  the  prevailing  winds.  On  reach- 
ing the  straits  of  Malacca,  and  passing  under  the  lee  of  the  island  of 
Sumatra,  the  rain  diminishes  greatly ;  and  at  Singapoor,  at  the  point 
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of  the  peninsula,  the  months  between  April  and  September  are  de- 
cidedly the  least  rainy  half  of  the  year,  the  largest  fall  taking  place 
in  the  north-east  monsoon,  when  the  winds  reach  Singapoor  blowing 
directly  from  over  the  sea. 

Phenomena  exactly  similar  to  those  observed  on  the  Western 
Ohats,  occur  on  the  mountains  east  of  Bengal.  At  Ohira  Pdnji,  on 
the  Ehasiya  hills,  which  rise  abruptly  to  about  4000  or  5000  feet  over 
the  delta  of  the  Ganges,  the  rainfall  is  believed  to  exceed  that  known 
at  any  other  place  on  the  earth,  more  than  600  inches  being  a  not 
unusual  annual  amount. 

The  difference  between  Bengal,  with  a  rainfall  of  from  60  to  70 
inches,  and  Sindh,  with  hardly  any,  is  very  remarkable.  It  is  suffi- 
ciently explained  by  the  distribution  of  the  high  land  that  is  con- 
tiguous to  the  former,  and,  indeed,  almost  surrounds  it.  The  great 
mountains  on  the  north  communicate  with  the  ranges  on  the  east 
which  separate  Bengal  from  the  upper  parts  of  Bnrmah,  and  form  a 
serious  obstacle  to  atmospheric  movements  in  that  direction.  These 
ranges  are  all  well  clothed  with  forest,  and  the  temperature  of  the 
whole  area  over  which  they  extend  must  be  considerably  lower  than 
that  of  the  country  to  the  west  of  them.  This  is  accompanied  by 
a  higher  barometrical  pressure,  which  leads  to  the  development  of 
easterly  winds  during  the  summer  months  blowing  from  eastern 
Bengal  to  the  far  hotter  regions  of  north-western  India,  where  the 
barometric  pressure  is  least.  From  these  causes,  the  rains  begin 
much  earlier  in  Assam  and  its  neighbourhood  than  in  any  o^er 
part  of  India,  viz.  in  April,  soon  after  the  southerly  winds  are  esta- 
blished at  the  head  of  the  Bay  of  Bengal ;  and  a  tendency  towards 
such  early  rains  is  discernible  in  all  the  Bengal  registers.  Thus  the 
conditions  are  very  different  from  those  of  Sindh,  the  free  onward 
progress  of  the  winds  being  arrested  in  Bengal  by  the  current  set 
up  towards  the  north-west,  and  the  influx  of  relatively  cool  air  from 
the  east  preventing  any  tendency  to  a  rise  of  temperature  in  the  air 
coming  up  from  the  Bay  of  Bengal  as  it  passes  over  the  land,  such  as 
would  stand  in  the  way  of  local  condensation. 

The  rainy  season  rapidly  develops  itself  from  Bengal  towards  the 
north-west,  the  fall  gradually  decreasing  in  amount  as  the  rain-bearing 
winds  pass  on ;  a  fact  readily  explained  by  the  consideration,  that  as 
the  condensation  of  the  vapour  goes  on,  less  remains  to  supply  the 
more  distant  localities. 

ConcuiTcntly  with  the  reduction  of  the  rainfall  in  passing  from 
east  to  west  in  northern  India,  we  find  an  increase  in  the  quantity  as 
we  approach  the  Himalaya,  and  a  diminution  as  we  recede  from  the 
range,  the  gradation  being  distinctly  marked  from  a  distance  of  150 
or  200  miles  to  the  foot  of  the  mountains.  On  the  outer  slopes  of 
the  Himalaya  the  fall  is  very  greatly  increased,  but  it  rapidly 
diminishes  again  in  amount  as  we  penetrate  among  the  mountains. 

These  results  are  brought  about  in  a  manner  that  deserves  par- 
ticular attention.     At  all  times  of  the  year  winds  blow   up  the 
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valleys  of  the  Himalaya  towards  the  highest  parts  of  the  chain,  and 
down  them  at  night ;  tiie  day  winds  haying  their  greatest  force  at  the 
high  passes  into  Tibet,  and  the  night  winds  at  the  debouches  of  the  great 
rivers  into  the  plains.  Such  winds  are  well  known  to  be  characteristic 
of  all  mountain  ranges.  They  are  no  doubt  due  to  the  disturbance  of 
the  planes  of  atmospheric  equilibrium,  caused  by  the  alternations  of 
temperature  in  the  air  over  Uie  mountains  and  low  lands.  A  column 
of  air  over  the  low  land,  measured  from  any  horizontal  plane  of 
equilibrium,  being  longer,  will  expand  more  and  contract  more ;  one 
over  the  mountain,  being  shorter,  will  expand  and  contract  less.  As 
the  day  advances,  and  the  heat  increases,  the  planes  of  equal  pressure 
will  all  rise  over  the  low  land,  and  the  air  will  flow  towards  the  axis 
of  the  elevation ;  as  the  night  comes  on,  and  the  temperature  falls, 
the  greater  contraction  of  the  longer  columns  over  the  low  land  will 
bend  the  planes  of  equal  pressure  from  the  axis  of  elevation  outwards, 
and  the  air  will  move  in  that  direction. 

Thus  a  system  of  aspiration  is  established  over  the  mountains,  by 
which  the  vapour-charged  air  that  comes  up  from  the  sea  is  drawn 
up  from  the  plains  along  the  valleys  and  over  the  outer  ranges,  and 
is  so  brought  under  the  operation  of  that  sort  of  action  which  we 
have  already  seen  to  be  so  efficacious  in  producing  condensation.  These 
movements  serve  also  to  explain  what  seems  peculiar  in  the  gradation 
of  the  rainfall  within  and  without  the  mountains.  It  is,  I  think,  also 
to  the  same  cause  that  we  may  trace  the  circumstance,  that  the  first 
heavy  falls  of  rain  in  upper  India  take  place  on  the  mountains,  and 
that  the  disturbances  are  thence  developed  and  extended  which  lead 
to  a  general  fall  over  the  plains. 

In  northern  India  the  summer  rains  usually  cease  before  the  end 
of  September ;  in  Bengal  and  along  the  Arracan  coast  thoy  are  pro- 
longed into  October.  In  western  and  central  India  also  a  little  rain 
falls  in  October.  Over  all  this  area  northerly  winds  are  commonly 
established  in  October,  and  the  rain  that  falls  at  this  time  must  be 
regarded  as  the  residual  condensation  under  the  increasing  cold  of 
autumn  of  the  vapour  previously  brought  up  by  the  southerly  winds. 

With  the  fall  of  temperature  in  September,  the  region  of  least 
pressure  is  rapidly  transferred  to  the  south,  and-  the  northerly  winds 
begin,  first  in  the  north  and  gradually  extend  southward  ;  though 
the  southerly  winds  still  continue  to  blow  at  the  end  of  the  peninsula, 
till  November.  These  changes  lead  to  the  establishment  of  a  current 
of  air  from  the  Bay  of  Bengal,  blowing  as  a  north-easterly  wind 
towards  the  Madras  coast,  along  which  ^ere  is,  in  consequence,  set 
up  an  autumn  season  of  heavy  rain  lasting  from  October  to  December, 
quite  analogous  in  its  efficient  causes  to  the  summer  rainy  season  of 
tiie  western  coast  This  rain  usually  extends  from  about  the  great 
bend  in  the  east  coast  to  Ceylon,  though  its  influence  is  at  times  felt 
as  far  north  as  Cuttack ;  and  it  is  of  essential  importance  to  all  the 
eastern  border  of  southern  India,  which,  as  was  before  explained, 
receives  but  a  scanty  supply  during  the  south-west  monsoon. 
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It  may  here  be  noticed,  that  the  cyclones  that  originate  in  the 
Bay  of  Bengal  in  October  and  NoYember  appear  to  be  results  of 
atmospheric  moYements  developed  oyer  an  area  of  low  pressure  that 
remains  in  the  bay,  after  a  high  pressure  area  has  begun  to  form 
rapidly  over  eastern  Bengal,  with  the  fall  of  temperature  accompany- 
ing the  close  of  the  year ;  and  that  the  tendency  to  the  formation  of 
cyclonic  movements  is  to  be  seen  in  the  north-easterly  winds  that 
usually  prevail  in  the  north  and  west  of  the  bay,  while  south-westerly 
winds  are  still  blowing  in  the  southern  and  eastern  parts. 

The  map  which  is  before  you  resumes  the  fiicts  into  which  I 
have  been  entering  in  some  detail.  It  shows  that  the  part  of 
India  east  of  the  80th  meridian  has  an  average  yearly  rainfall  for 
the  most  part  exceeding  40  inches,  and  that,  excepting  the  country 
between  the  Western  Ghats  and  the  sea,  the  portion  west  of  that 
meridian  has  a  smaller  rainfall.  Further,  we  see  that  the  quantity 
is  extremely  small  all  over  Sindh,  and  that  the  tract  in  which  the 
fall  is  less  than  80  inches  includes  all  the  Punjab  excepting  the 
mountain  districts,  a  considerable  part  of  the  North- Western  provinces 
extending  to  half  way  between  Agra  and  Allahabad,  a  large  part  of 
Bajpootana,  and  Eattywar.  Again,  we  observe  a  large  area  in  the 
peninsula,  occupying  nearly  the  whole  of  the  Deccan  and  Mysore,  on 
which  also  the  rainfall  is  less  than  80  inches. 

Of  the  area  in  which  the  rainfall  is  below  15  or  20  inches,  it  may 
be  said  in  general  terms  that  agriculture  is  not  there  possible  otherwise 
than  with  artificial  irrigation;  and  thus  it  has  happened,  that  the 
population  of  the .  districts  where  the  rain  is  of  all  others  least 
abundant,  have  made  themselves  in  a  very  great  degree  independent 
of  the  local  rainfall.  On  the  other  hand,  it  may  also  be  said  that 
where  the  average  rainfall  exceeds  40  or  50  inches,  the  occurrence  of 
such  drought  as  will  cause  serious  scarcity  is  rare,  though  when  it 
does  occur  it  may  be  very  severe.  It  was  in  a  portion  of  this  area 
that  the  Bengal  famine  of  1878  took  place,  and  also  that  of  Orissa  in 
1866. 

The  region,  the  average  rainfall  of  which  is  between  25  and  85 
inches,  is  probably  that  which  suffers  most  from  droughts.  Here, 
although  on  the  average  the  supply  of  rain  is  sufficient  to  support  an 
agricultural  population,  the  fluctuations  which  reduce  the  fall  below 
what  is  essential  are  so  frequent,  as  to  lead  to  repeated  seasons  of 
scarcity  of  greater  or  less  severity.  The  north-western  part  of  the 
North- West  provinces,  the  north-western  part  of  Bajpootana,  and  the 
Deccan,  with  a  small  part  of  the  Madras  districts  at  the  end  of 
the  peninsula,  fall  within  this  category.  The  present  scarcity  affects 
the  whole  of  the  dry  region  of  the  peninsula.  The  drought  of 
1887-88  was  extremely  severe  in  the  North- West  provinces,  as  also 
was  that  of  1860.  In  Bajpootana,  a  very  severe  scarcity,  followed 
by  great  destruction  of  life,  occurred  in  1870. 

For  reasons  already  suggested,  the  results  of  drought  have  a 
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tendency  to  be  more  fatal  where  the  average  rain&U  is  abundant,  than 
where  it  is  scanty.  In  the  Litter  case,  the  population  is  less  likely  to 
be  dense,  and  better  able  by  its  habits  to  go  in  search  of  subsistence 
elsewhere,  and  by  its  sparseness  to  sncoeed  in  procuring  it.  A  more 
dense  population  will  be  less  easily  provided  for ;  and  in  proportion 
as  experience  of  drought  is  small,  skill  in  devising  means  of  re*- 
sisting  its  effects  will  be  small  also,  when  once  present  resources 
are  exhausted.  Drought  also  will  be  more  or  less  fatal,  according 
as  it  follows  a  season  of  bad  or  good  rainfall ;  and  it  has  commonly 
happened  that  severe  famines  have  been  caused  by  a  severe  drought 
following  one  or  two  years  of  indifferent  rain.  The  stocks  of  food 
become  exhausted,  and  the  cattle  and  the  population  enfeebled,  and 
thus  less  able  to  resist  the  pressure  put  on  iJiem. 

In  a  country  where  there  is  no  pasture,  like  India,  the  feeding  of 
the  agricultural  cattle  is  always  a  dijficulty,  and  their  condition  is 
commonly  extremely  poor,  viewed  in  relation  to  the  standard  of 
temperate  countries.  The  effect  of  drought  in  the  destruction  of  the 
cattle  is  one  of  its  surest  and  most  pernicious  evil  consequences. 

It  will  be  apparent  that  the  importance  of  the  fall  of  rain  in 
India,  for  general  purposes  of  agricidture,  will  be  determined  by  the 
requirements  of  the  principal  crops,  and  particularly  on  those  crops 
on  which  the  food  supply  of  the  people  depends. 

The  people  of  India  subsist  for  the  most  part  on  vegetable  food, 
cereal  grains,  pulses,  and  vegetables,  with  milk  and  butter.  Other 
animal  food,  excepting  on  the  coasts  where  fish  is  procurable,  is  com- 
paratively little  eaten,  even  among  the  Mussulmans,  who  form  about 
one-tenth  of  the  population.  The  grain  crops,  therefore,  are  of  un- 
usually great  importance.  The  grains  most  commonly  consumed 
in  three-fourths  of  India  are  millets,  called,  in  the  Hindee  dialects, 
jowar  and  bajra.  Rice  is  the  ordinary  food  of  the  people  of  those  regions 
only  where  the  conditions  of  climate  are  suitable  for  the  abundant 
production  of  this  grain.  This  would  include  Bengal,  the  coast  and 
southern  districts  of  Madras,  and  the  western  districts  of  Bombay,  as 
well  as  British  Bnrmah.  Contrary  to  what  is  commonly  thought  to 
be  the  case,  the  rice-eating  population  of  India  is  altogether  in  a 
minority. 

These  food  grains,  and  some  others  which  I  need  not  mention 
specially,  are  plants  suited  to  tropical  conditions  of  climate,  and  they 
are  all  raised  in  the  summer  or  hot  half  of  the  year,  the  crop  of  which 
season  is  known  in  all  parts  of  India  as  the  khureef.  There  is,  how- 
ever, a  second  crop,  more  particularly  characteristic  of  the  parts  of 
India  which  have  the  coldest  winter,  which  is  on  the  ground  during 
the  winter  months,  and  is  called  rubbee. 

The  khureef  is  usually  sown  as  soon  as  the  rainfall  admits  of  the 
ploughing  of  the  land,  and  it  is  reaped  in  September  or  October. 
The  rice  crop  varies  somewhat  in  its  time  of  sowing  and  of 
ripening,  according  to  locality  and  variety.  The  chief  harvest  in 
Bengal  is  in  December ;  on  the  Madras  coast,  fuiher  south,  the  later 
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rains  lead  to  a  Btill  later  harvest,  where  there  is  but  one ;  but  the  more 
tropical  climate  of  the  south  admits  an  almost  indefinite  succession 
of  crops,  wherever  an  artificial  water  supply  is  available  to  raise 
them. 

It  need  perhaps  hardly  be  said,  that  most  varieties  of  rice  require 
a  large  quantity  of  water  to  raise  them ;  and  aid  in  some  shape  or 
other  is  given  by  artificial  means  in  most  parts  of  India  to  the  natural 
rain  supply,  to  ensure  the  safety  of  this  crop.  Particularly  in  the 
south  of  India,  multitudes  of  reservoirs  have  been  constructed  with 
this  object,  in  which  as  large  a  supply  of  rain-water  is  collected  as  is 
practicable,  to  supplement  the  direct  fall.  Larger  irrigation  works 
have  been  carried  out  by  the  British  Government,  to  divert,  with  a 
similar  object,  the  waters  of  most  of  the  rivers  that  discharge  them- 
selves on  the  east  coast. 

The  grains  called  jowar  and  bajra,  are  commonly  sown  on  the 
higher  lands,  and  left  to  depend  entirely  on  the  natural  rainfall.  Their 
requirements  in  the  way  of  water  are  very  much  less  than  those  of 
rice,  and  it  is  very  unusual  to  supply  them  with  artificial  irrigation. 

The  rubbee  crop  is  usually  sown  in  October,  and  ripens  in  March 
or  April.  In  the  north  of  India  it  consists  chiefly  of  wheat  and 
barley,  which  grains,  however,  hardly  enter  into  the  ordinary  food  of 
the  agricultural  population,  being  reserved  for  the  better-to-do  classes 
and  town  population.  Certain  pulses  that  are  largely  used  for  food 
also  are  raised  at  this  season.  Excepting  on  the  high  lands  of  central 
India  and  the  Deccan,  wheat  does  not  thrive  much  south  of  the  tropic ; 
and  in  the  southern  (Mtrts  of  the  peninsula  the  reduction  of  temperature 
in  the  winter  months  is  hardly  sufficient  to  develop  any  distinctly 
temperate  agriculture,  such  as  forms  a  very  marked  feature  of  northern 
India. 

Great  irrigation  works  exist  also  in  several  provinces  of  northern 
India.  These  probably  afford  more  aid  to  the  rubbee  than  to  the 
khureef  harvest ;  and  their  chief  importance  in  connection  with  the 
food  supply  of  the  country  is  without  doubt  due  to  the  security  which 
they  give  to  the  wheat  and  barley  harvests,  though  their  general 
utility  in  adding  to  agricultural  produce  of  all  descriptions  is  very 
great. 

In  considering  the  more  special  requirements  of  agriculture  in  the 
matter  of  rain,  and  the  precise  manner  in  which  a  partial  failure  is 
likely  to  be  mischievous  or  otherwise,  the  critical  times  have  to  be 
distinguished.  First,  as  the  great  power  of  the  tropical  sun  utterly 
dries  up  the  soil  in  the  hot  months  that  precede  the  rainy  season, 
the  first  showers  are  almost  essential  to  admit  of  the  final  ploughing, 
and  the  sowing  may  thus  be  unduly  late  in  unfavourable  seasons. 
Where  artificial  irrigation  is  available,  this  delay  is  avoided.  Next, 
the  thorough  saturation  of  the  soil,  and  its  maintenance  in  a  suffi- 
cient state  of  moisture,  are  requisite  for  the  germination  of  the  seed, 
and  this  is  always  one  of  the  most  critical  periods  for  every  crop. 
In  many  cases,  Uioroughly  favourable  rain  at  this  stage  will  secure 
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a  return  of  some  sort,  even  in  an  otherwise  very  bad  season ;  and  a 
bad  commencement  may  often  be  beyond  remedy,  however  good  the 
subsequent  falls  may  turn  out.  The  next  critical  stage  is  that  of 
flowering,  when  a  great  excess  of  rain  may  be  almost  as  fatal  as  a 
want  of  it,  by  causing  the  destruction  of  the  parts  of  the  flower 
essential  for  l^e  development  of  the  grain.  The  period  immediately 
follows  in  which  the  grain  is  fertilized  and  t-akes  its  ultimate  form, 
during  which  the  supply  of  moisture  to  the  plant  is  not  less  essential 
than  in  the  first  stage  of  its  life,  and  any  serious  failure  of  rain  is  fatal 
to  the  harvest  Thus,  even  though  the  average  fall  in  any  year  may 
be  fully  enough  to  carry  on  the  ordinary  processes  of  growth,  the 
failure  of  rain  even  for  a  few  days  at  one  of  the  critical  periods  may 
lead  to  a  complete  loss.  If  I  am  rightly  informed,  the  drought  of 
1873  in  northern  Bengal  arose  from  the  failure  of  tlio  later  rains 
alone.  The  troubles  of  the  present  time  seem  to  be  due  to  a  general 
failure,  both  of  the  south-west  monsoon  rains  on  the  west  coast,  and 
of  those  of  the  succeeding  north-east  monsoon  on  the  east  coast ;  a 
combination  of  evil  fortune  which,  it  will  be  seen,  necessarily  falls 
with  the  greatest  weight  upon  the  southern  districts  of  Madras. 

In  attempting  to  give  any  general  accoimt  of  the  phenomena  of 
Indian  rainfall,  it  has  of  course  been  necessary  for  me  to  deal  with  . 
average  quantities.  But  the  departures  from  these  averages  in  sepa- 
rate years  are  very  great ;  and  it  is  from  the  fluctuations  that  thus 
occur,  that  the  areas  of  average  small  and  large  rainfall  may  be 
transformed,  without  any  considerable  derangement  of  the  general 
sequence  of  phenomena  that  I  have  described,  into  areas  of  abundance 
or  absolute  drought.  Thus  the  well-marked  loops  that  are  formed  by 
lines  of  equal  rainfall  having  their  points  directed  to  the  eastward, 
and  following  generally  the  line  of  the  Jumna  and  Ganges  from  the 
Punjab  to  Bengal,  indicate  the  probability,  which  is  supported  by 
actual  experience,  of  areas  of  drought  being  formed  along  this  axisd 
line.  I  apprehend  that  the  Bengal  drought  of  1873,  which  affected, 
though  with  less  intensity,  the  adjacent  districts  of  the  north-west 
provinces  along  the  Ganges,  may  be  regarded  as  due  to  the  local 
exaggeration  of  the  general  causes  that  lead  to  the  peculiar  inflexion 
of  the  lines  of  rainfall  to  which  I  have  alluded. 

The  great  extent  of  the  fluctuations  of  the  rainfall  will  be  shown 
by  the  following  figures.  The  Madras  average  for  sixty-four  years  is 
48  *  5  inches,  the  greatest  excess  over  the  average  being  39  *  9  inches, 
and  the  greatest  defect  below  it  30  *  1  inches.  At  Calcutta,  for  forty- 
seven  years,  the  average  is  65  *  8  inches,  with  a  maximum  excess  of 
27  *  5  inches,  and  a  defect  of  22  *  2  inches.  At  Bombay,  for  fifty-two 
years,  the  average  between  May  and  October  being  76  •  9  inches,  the 
maximum  excess  was  42*0  inches,  and  the  defect  41*8  inches.  At 
the  three  places,  the  average  deviation  of  a  single  year  from  the  mean 
of  all  is  found  to  be,  for  Madras,  12  *  4  inches,  for  Calcutta,  9  *  0  inches, 
and  for  Bombay,  13  *  4  inches. 

No  precise  physical  connection  has  hitherto  been  established 
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between  the  local  rainfall  at  any  plaoe  in  India,  and  the  temperatnre 
or  pressore  of  the  surrounding  area ;  and  no  certain  step  has  jet  been 
made,  so  far  as  I  know,  towards  foretelling  the  character  of  the 
seasons.  In  these  respects,  however,  our  knowledge  is  not  less  as 
regards  India,  than  other  coontries. 

An  opinion  has,  indeed,  been  qnite  recently  published  by  Dr. 
Hunter,  to  the  effect  that  the  rainfall  registers  at  Madras,  which 
extend  over  sixty-four  years,  supply  evidence  of  a  connection  between 
the  quantity  of  rain  and  the  sun-spot  cycles  of  eleven  years  or  there- 
abouts. This  idea  is  not  novel,  having  been  advanced  some  years 
ago  by  Mr.  Meldrum  and  others,  on  the  alleged  basis  of  £Eusts  collected 
from  many  different  parts  of  the  globe. 

So  far  as  Dr.  Hunter*s  views  are  concerned,  I  have  no  hesitation 
in  stating  my  own  conviction,  that  the  facts  on  which  he  relies  do 
not  support  his  conclusions.     He  has  inferred,  from  what  must  be 
held  to  be  altogether  insufficient  numerical  data,  that  sure  indications 
of  periodicity  exist.     He  arrives,  by   an   arithmetical  process,  at 
certain  figures,  which  he  regards  as  the  probable  mean  amount  of 
rainfall  in  the  successive  years  of  the  eleven-year  cycle,  and  finding 
a  maximum  and  minimum  among  them,  he  infers  that  this  is  a  proof 
of  a  true  periodical  variation.    But  such  a  result  alone  proves  nothing. 
To  test  its  value  it  is  necessary  to  compare  the  calculated  quantities 
of  rain  for  tiie  several  years  with  the  quantities  actually  observed,  and 
then  to  consider  whether  the  differences  are  of  a  character  to  justify 
the  belief  that  the  calculated  quantities  afford  a  reliable  approximation 
to  the  truth,  and  what  sort  of  approximation.     Dr.  Hunter  does  not 
seem  to  have  been  aware  of  the  necessity  for  exercising  this  caution, 
though  the  extreme  variation  of  the  rainfidl  from  year  to  year,  to 
which  reference  has  already  been  made,  would  appear  to  have  been 
likely  to  suggest  it.     The  only  conclusion  that  seems  possible,  from 
such. an  examination  of  the  figures  as  I  have  described,  is  the  ne- 
gative one,  that  they  cannot  be  accepted  as  supplying  any  evidence 
in  support  of  the  views  put  forward  by  Dr.  Hunter. 

Though  this  argument  is  mainly  negative,  and  goes  rather  to  dis- 
credit the  alleged  proof  of  Dr.  Hunter's  conclusion,  than  the  con- 
clasion  itself,  yet  much  doubt  appears  to  me  to  be  thrown  on  the 
probability  of  any  such  direct  connection  between  the  rainfall  at 
Madras  and  the  sun-spot  period  as  has  been  spoken  of,  by  a  compari- 
son of  the  Madras  observations  with  those  made  during  the  same  period 
at  Calcutta  and  Bombay.  It  is  extremely  difficult  to  conceive,  that  if 
such  a  connection  existed  at  Madras  it  should  not  be  apparent  at  the 
other  two  places ;  yet  the  same  treatment  applied  to  the  Calcutta  and 
Bombay  figures  as  that  adopted  for  Madras,  ^ows  no  correspondence 
in  the  resets.  Neither  can  any  persistent  relation  be  seen  to  exist 
between  the  quantities  of  rainfall  at  the  three  places.  There  is  an 
occasional  likeness  at  one  time  between  one  pair,  at  another  between 
a  second,  and  again  between  the  third,  but  no  uniformity.  And  this 
is  what  might  have  been  expected,  from  what  we  know  of  the  general 
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manner  in  which  precipitations  of  rain  take  place,  and  the  oscillations 
of  wet  and  dry  weather  occur. 

On  tho  whole,  onr  knowledge  of  the  immediate  physical  causes  of 
rainfall  is  very  rudimentary ;  and  though  there  be  no  present  appear- 
ance of  success  in  solving  the  intricate  problems  that  an  inquiry  into 
those  causes  must  involTO,  it  can  only  be  by  help  of  a  careful  examina- 
tion in  detail  of  all  the  facts  that  it  can  become  possible  at  all.  Such 
a  collection  of  facts  has  at  length  been  seriously  commenced ;  but 
what  I  have  already  said  will  indicate  the  great  complexity  of  this 
subject,  and  the  many  dijficulties  that  will  have  to  be  encountered  in 
grasping  it  in  a  satisfactory  way. 

Such  being  the  general  position  of  India  in  respect  to  the  rainfall 
necessary  for  its  agriculture  and  its  food  supply,  and  man  having  no 
possible  means  of  exercising  any  control  over  the  atmospheric  changes 
which  are  effective  in  adding  to  or  reducing  the  quantity  of  rain,  and 
having  no  present  power  of  foreseeing  these  changes,  it  may  be  asked 
whether  we  therefore  have  no  hope  of  escaping  from  the  terrible  con- 
sequences of  drought.  In  my  opinion  there  can  be  no  doubt  of  the 
possibility  of  combating  successfully  its  worst  results  by  the  progress 
of  civilization ;  by  which  I  mean,  that  improved  social  condition  in 
which  the  accumulated  knowledge  and  material  resources  of  a  com- 
munity are  applied  in  the  most  effectual  way  to  meet  its  requirements. 
The  lesult  at  which  we  aim  in  India  can  be  brought  about  by  this, 
and  this  alone ;  as  this,  and  this  alone,  has  been  able  to  bring  it  about 
in  other  countries.  But  as  such  progress  is  necessarily  slow,  we  must 
be  content  for  the  present  to  pass  through  a  condition  of  periodical 
suffering  of  an  acute  kind,  during  which  the  bitter  lessons  of  experi- 
ence will  continue  to  urge  improvement;  and  thereby  intelligence 
will  be  stimulated,  and  ways  of  escape  from  these  evils  will  be  gradu- 
ally perfected.  These  ways  of  escape  are  indeed  already  sufficiently 
evident,  and  so  far  as  they  have  been  hitherto  applied,  have  been 
found  to  be  thoroughly  efficacious.  They  are  the  provision  of  arti- 
ficial irrigation,  and  of  improved  means  of  transport;  the  first,  to 
give  a  certain  supply  of  water  for  the  purposes  of  agriculture,  in- 
creasing production  generally,  and  supplementing  the  rainfall  so  as 
to  prevent  calamitous  drought ;  and  the  second,  to  provide  facilities 
for  the  economical  distribution  of  food,  and  for  &e  operations  of 
commerce,  by  which  wealth  is  increased.  Simple  as  these  remedies 
may  appear,  the  material  difficulties  in  the  way  of  their  being 
furnished,  to  the  extent  necessary  to  remove  the  evils  now  under 
consideration,  cannot  at  present  bo  surmounted.  They  require  the 
application  of  capital,  that  is  to  say,  the  accumulated  results  of 
labour,  which,  to  meet  the  requirements  of  the  present  case,  may 
possibly  still  have  to  be  prolonged  over  very  many  years.  For  India 
must  perforce  supply  her  own  needs  from  her  own  material  resources. 
Nowhere,  nor  at  any  time,  has  the  benevolence  of  others  succeeded  in 
removing  the  burden  imposed  on  every  community  of  providing  for 
its  own  existence  under  pain  of  extinction.    Even  if  it  were  possible 
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that  external  aid  could  be  given  on  an  adequate  scale  to  supply  the 
requisite  material  appliances,  it  is  certain  that  the  moral  qualities 
would  not  have  been  developed,  by  which  alone  those  appliances  could 
be  successfully  made  use  of — self-reliance,  and,  what  this  quality  makes 
possible,  self-sacrifice. 

And  if  the  people  of  India  have  on  the  one  hand  specially  heavy 
burdens  to  bear,  in  resisting  these  and  other  destructive  forces  of 
nature  arising  from  their  climate,  which  will  certainly  tax  their 
strength  to  the  utmost,  yet  on  the  other  they  find  ready  to  their 
hands  unusual  aid  in  the  great  reproductive  powers  of  their  soil,  also 
due  to  the  same  cause.  Neither  can  we  estimate  as  of  small  value  to 
them,  the  wealth,  the  knowledge,  and  the  practical  skill  in  all  the  arts 
of  life,  possessed  by  their  British  rulers,  and  so  largely  employed  to 
their  advantage.  But  that  the  task  will  in  any  case  be  a  very  heavy 
and  tedious  one  to  be  got  through,  no  one  can  doubt,  who  has  passed 
a  large  part  of  his  life,  as  I  have  done,  in  seeking  for  tbe  means  of 
extending  those  essential  material  allies  in  the  battle  of  Indian  life — 
irrigation  works  and  railways. 

True  humanity  assuredly  demands  of  all  Englishmen  their  co- 
operation in  what  will  really  conduce  to  the  mitigation  of  the  calami- 
ties caused  by  Indian  droughts.  But  it  is  certain  that  there  is  only 
one  possible  mode  of  escape,  namely  through  labour.  The  fruits  of 
industry  in  years  of  plenty  must  be  made  to  meet  the  want  in  years 
of  scarcity ;  and  relief  is  to  be  obtained  by  means  of  the  combined 
and  continued  exertions  of  the  localities  immediately  concerned,  and 
no  longer  by  relying  on  assistance  to  be  supplied  from  without. 
There  is  no  escape  from  the  conclusion,  that  the  conditions  of  their 
existence  impose  on  the  people  of  India  severe  suffering  and  periodic 
partial  destruction,  if  they  submit  to  these  conditions  unresisting; 
severe  toil,  and  persistent  intelligent  effort,  if  they  are  to  escape  their 
extreme  consequences.  The  Government  and  the  people  must  every- 
where have  this  practically  enforced  upon  them,  and  until  it  is  done 
the  movement  will  not  have  fairly  set  in  the  right  direction.  Expe- 
rience in  India  leads  to  exactly  the  same  conclusions  as  those  arrived 
at  elsewhere,  that  a  system  of  public  relief  in  time  of  distress,  not 
guarded  by  the  sense  of  specific  local  financial  responsibility,  is  a 
source  of  grievous  abuse,  misery,  and  demoralization ;  and  it  is  my 
earnest  hope  that  no  temporary  impulse  of  sympathy  with  present 
suffering,  no  selfish  (if  I  may  be  allowed  so  to  apply  the  term),  no 
selfish  effort  to  escape  at  any  cost  the  pain  of  witnessing  it,  may  be 
permitted  to  stand  in  the  way  of  that  real  benevolence  whidi  is 
foimded  on  sound  principles,  drawn  by  dispassionate  intelligence 
from  the  lessons  of  experience,  principles  which  I  am  glad  to  believe 
have  been  adopted  by  the  highest  authorities  concerned  in  the  govern- 
ment of  India. 

[RS.] 
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WEEKLY  EVENING  MEETING, 

Friday,  May  26,  1877. 

Georgb  Busk,  Esq.  F.R.S.  Treasurer  and  Vice-President,  in  the 

Chair. 

Geobob  J.  KoMANBs,  M.A.  F.L.S.  &o. 

Evolution  of  Nerves  and  Nervo-Sy stems. 

Nbryb-tissub  oniversally  consists  of  two  elementary  structures,  viz. 
very  minute  nerve-cells  and  very  minute  nerve-fibres.  The  nerve- 
fibres  proceed  to  and  from  the  nerve-cells,  thus  (probably)  serving  to 
unite  the  cells  with  one  another,  and  also  with  distant  parts  of  the 
animal  body.  Moreover,  nerve  cells  and  fibres,  wherever  we  meet  with 
them,  present  very  much  the  same  appearances.  Here,  for  instance,  is 
a  sketch  of  highly  magnified  nerve-tissue  as  we  find  it  in  the  human 
brain,  and  here  is  one  of  my  own  drawings  of  nerve-tissue  as  I  have 
found  it  in  the  jelly-fish  ;  and  you  see  how  similar  the  drawings  are 
— notwithstanding  they  are  taken  from  the  extreme  limits  of  the  animal 
kingdom  within  which  nerve-tissue  is  known  to  occur. 

Nerve-cells  are  usually  found  collected  together  in  aggregates 
which  are  called  nerve-centres  or  ganglia,  to  and  from  which  largo 
bundles  of  nerve-fibres  come  and  go.  These  large  bundles  of  nerve- 
fibres  are  what  we  see  with  the  naked  eye  as  nerves,  permeating  the 
body  in  all  directions.  When  such  a  bundle  of  nerve-fibres  reaches  a 
ganglion,  or  collection  of  nerve-cells,  it  splits  up  like  the  end  of  a 
rope  which  has  been  teased  out,  and  the  constituent  fibres  pass  into 
and  out  of  the  nerve-cells,  so  interlacing  with  one  another  in  all 
directions,  as  here  diagrammatically  represented.  More  true  to  nature 
is  this  diagram,  which  represents  a  magnified  section  of  human  brain 
— the  human  brain  being  itself  nothing  more  than  a  collection  of  very 
large  ganglia. 

To  explain  the  function  of  nerve-cells  and  nerve-fibres,  I  must 
begin  by  explaining  what  physiologists  mean  by  the  word  "excita- 
biUty."  Suppose  this  to  represent  a  muscle  cut  from  the  body  of  a 
freshly  killed  animal.  So  long  as  you  do  not  interfere  with  it  in  any 
way,  so  long  will  it  remain  quite  passive.  But  every  time  you  stimu- 
late it,  either  with  a  pinch,  a  bum,  or,  as  represented  in  the  diagram, 
with  an  electrical  shock,  the  muscle  will  give  a  single  contraction  in 
response  to  every  stimulation.     Now  it  is  this  readiness  of  organic 
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tissues  to  respond  to  a  stimulus  that  physiologists  designate  bj  the 
term  excitabiHty. 

Nerres,  no  less  than  muscles,  present  the  property  of  being  ex- 
citable. Suppose,  for  instance,  that  this  is  another  muscle  prepared  in 
the  same  way  as  the  last  one,  except  that  together  with  the  muscle  there 
is  cut  out  the  attached  nerve.  Every  time  you  pinch,  bum,  or  electrify 
any  part  of  the  nerve,  the  muscle  will  contract  But  you  will  care- 
fully observe  there  is  this  great  difference  between  these  two  cases  of 
response  on  the  part  of  the  muscle ;  viz.  that  while  in  the  former  case 
the  muscle  responded  to  a  stimulus  applied  directly  to  its  own  subtiancey  in 
the  latter  case  the  muscle  responded  to  a  stimulus  applied  at  a  distance 
from  its  oion  substance,  which  stimtdns  was  then  conducted  to  the 
muscle  by  the  nerve.  And  here  we  perceive  the  characteristic  func- 
tion of  nerve-fibres,  viz.  that  of  conducting  stimuli  to  a  distance. 
This  is  the  function  of  nerve^^e«  ;  but  the  f auction  of  nerve-ce^  is 
different,  viz.  that  of  accumulating  nervous  energy,  and  at  fitting  times 
of  discharging  this  energy  into  the  attached  nerve-fibres.  The  nervous 
energy  when  thus  discharged  from  the  nerve-cells  acts  as  a  stimulus 
to  the  nerve-fibre ;  so  that  if  a  muscle  is  attached  to  the  end  of  the 
fibre  it  contracts  on  receiving  this  stimulus.  I  may  add  that  when 
nerve-cells  are  collected  into  ganglia  they  often  appear  to  discbarge 
their  energy  spontaneously,  without  any  observable  stimulus  to  cause 
the  discharge;  so  that  in  all  but  the  lowest  animals,  whenever  we 
meet  with  apparently  spontaneous  action,  we  infer  that  ganglia  are 
probably  present.  But  the  point  which  most  of  all  I  desire  you  to 
keep  well  in  mind  this  evening  is  the  distinction  which  I  here  draw 
between  muscle  and  nerve.  A  stimulus  applied  to  a  nerveless  muscle 
can  only  course  through  the  muscle'  by  giving  rise  to  a  visible  wavo 
of  contraction,  which  spreads  in  all  directions  from  the  seat  of  stimu- 
lation as  from  a  centre.  A  nerve,  on  the  other  hand,  conducts  the 
stimulus  without  undergoing  any  change  of  shape.  Now  in  order  not 
to  forgot  this  all-important  distinction,  I  shall  always  to-night  speak 
of  muscle  as  conducting  a  visible  wave  of  contraction,  and  of  nerve  as 
conducting  an  invisible  or  molecular  wave  of  stimulation.  Nerve- 
fibres,  then,  are  functionally  distinguished  from  muscle-fibres — and 
also,  I  may  add,  from  protoplasm— by  displaying  the  property  of  con- 
ducting invisible  or  molecular  waves  of  stimulation  from  one  part  of 
an  organism  to  another — so  establishing  physiological  continuity 
between  such  parts  ieiihout  the  necessary  passage  of  contractile  uHwes. 

I  will  now  conclude  all  that  is  necessary  to  say  about  the  function 
of  nervous  tissue  by  describing  the  mechanism  of  reflex  action. 
Suppose  this  to  represent  any  peripheral  structure,  such  as  a  part  of 
the  skin  of  some  animal,  this  a  collection  of  nerve-cells  or  ganglion, 
and  this  a  muscle.  The  part  of  the  skin  represented  is  united  to  the 
nerve-cells  composing  the  ganglion  by  means  of  this  in-coming  nerve- 
trunk,  while  the  nerve-cells  in  the  ganglion  are  united  to  the  muscle 
by  means  of  this  out-going  nerve-trunk.  Therefore  when  any  stimulus 
falls  on  the  skin  where  this  in-coming  nerve-trunk  takes  its  origin, 
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the  nerve-trunk  oonyeys  the  stimalus  to  the  uerve-cells  in  the 
ganglion.  When  the  nerye-coUs  receive  the  stimolas  they  liberate 
one  of  their  charaoteristio  discharges  of  nervous  energy,  which  dis- 
charge then  passes  down  this  out-going  nerve  and  so  causes  the  musde 
to  contract.  Now  this  particular  land  of  response  is  called  response  by 
reflex  action,  because  the  stimulus  wave  does  not  pass  in  a  straight 
line  from  the  seat  of  stimulation  to  the  muscle,  but  passes  in  the  first 
instance  to  the  ganglion,  and  is  from  it  reflected  to  the  muscle.  This, 
at  first  sight,  appears  to  be  a  roundabout  sort  of  a  process,  but  in 
reality  it  is  the  most  economic  process  available;  for  we  must  re- 
member the  enormous  number  and  complexity  of  the  stimuli  to  which 
every  animal  is  more  or  less  exposed,  and  the  consequent  necessity 
that  arises,  in  the  case  of  highly  organized  animals,  of  there  being 
some  definite  system  whereby  these  stimuli  shall  be  suitably  re- 
sponded to.  Or,  to  adopt  a  happy  illustration  of  Professor  Bain,  the 
stimuli  are  systematized  on  the  same  principle  as  the  circulation  of 
letters  by  post  is  systematized ;  for  just  as  in  the  case  of  the  letters 
there  is  no  direct  communication  between  one  street  and  another,  but 
every  letter  passes  first  to  the  central  office ;  so  the  transmission  of 
stimuli  from  one  member  of  the  body  to  another  is  effected  exclusively 
through  a  centre  or  ganglion. 

Those  among  you  who  are  acquainted  with  Mr.  Herbert  Spencer's 
writings  are  doubtless  well  aware  how  strong  a  case  he  makes  out  in 
favotur  of  his  theory  respecting  the  genesis  of  nerves.  This  theory, 
you  will  remember,  is  that  which  supposes  incipient  conductile  tissues, 
or  rudimentary  nerve-fibres,  to  be  differentiated  from  the  surrounding 
contractile  tissues,  or  homogeneous  protoplasm,  by  a  process  of  inte- 
gration which  is  due  simply  to  use.  Thus,  beginning  with  the  case 
of  undifferentiated  protoplasm,  Mr.  Spencer  starts  from  the  fact  that 
every  portion  of  the  colloidal  mass  is  equally  excitable  and  equally 
contractile.  But  soon  after  protoplasm  begins  to  assume  definite 
shapes,  recognized  by  us  as  specific  forms  of  life,  some  of  its  parts 
are  habitually  exposed  to  the  action  of  forces  different  from  those  to 
which  other  of  its  parts  are  exposed.  Consequently,  as  protoplasm 
continues  to  assume  more  and  more  varied  forms,  in  some  cases  it 
must  happen  that  parts  thus  peculiarly  situated  with  reference  to 
external  forces,  will  be  more  frequently  stimulated  to  contract  than 
are  other  parts  of  the  mass.  Now  in  such  cases  the  relative  frequency 
with  which  waves  of  stimulation  radiate  from  the  more  exposed  parts, 
will  probably  have  the  effect  of  creating  a  sort  of  polar  arrangement 
of  the  protoplasmic  molecules  lying  in  the  line  through  which  these 
waves  pass,  and  for  other  reasons  also  will  tend  ever  more  and  more 
to  convert  these  lines  into  passages  offering  less  and  less  resistance  to 
the  flow  of  such  molecular  waves — i.  e.  waves  of  stimulation  as  dis- 
tinguished from  waves  of  contraction.  And  lastly,  when  lines  offering 
a  comparatively  low  resistance  to  the  passage  of  molecular  impulses 
have  thus  been  organically  established,  ihej  must  then  continue  to  grow 
more  and  more  definite  by  constant  use,  until  eventually  they  bea>me 
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Fig.  1. 


the  habitual  ohannels  of  communication  between  the  parts  of  the  con- 
tractile mass  through  which  they  pass.  Thus,  for  instance,  if  such  a 
line  has  been  established  between  the  points  A  and  B  of  a  contractile 
mass  of  protoplasm,  when  a  stimulus  falls  upon  A,  a  molecular  wave 
of  stimulation  will  course  through  that  line  to  B,  so  causing  the  tissae 
at  B  to  contract — and  this  even  though  no  cantraciile  wave  has  passed 
through  the  tissue  from  A  to  B.  tiuch  is  a  very  meagre  epitome  of 
Mr.  Spencer's  theory,  the  most  vivid  conception  of  which  may  perhaps 
be  conveyed  in  a  few  words  by  employing  his  own  illustration — viz. 
that  just  as  water  continually  widens  and  deepens  the  channel  through 
which  it  flows,  so  molecular  waves  of  the  kind  we  are  considering,  by 
always  flowing  in  the  same  tissue  tracts,  tend  ever  more  and  more  to 
excavate  for  themselves  functionally  diflerentiated  lines  of  passage. 
When  such  a  line  of  passage  becomes  fully  developed,  it  is  a  nerve- 
fibre,  distinguishable  as  such  by  the  histologist ;  but  before  it  arrives 
at  this  its  completed  stage — i.  e.  before  it  is  observable  as  a  distinct 
structure — Mr.  Spencer  calls  it  a  "  line  of  discharge." 

Such  being  the  theory,  I  will  endeavour  to  show  how  it  is  sub- 
stantiated by  facts.  And  here  it  becomes  necessary  to  refer  to  my  own 
work.  Yon  are  all,  I  suppose,  acquainted  with  the  general  appear- 
ance of  a  Medusa,  or  jelly-fish.     The  animal  presents  the  general 

form  of  a  mushroom.  The  organ 
which  occupies  the  same  position  as 
the  stalk  docs  in  the  mushroom 
is  the  mouth  and  stomach  of  the 
Medusa,  and  is  called  the  polypite ; 
while  the  organ  which  resembles  in 
shape  the  dome  of  the  mushroom 
constitutes  the  main  bulk  of  the 
animal,  and  is  called  the  swimming- 
bell.  Both  the  polypite  and  the 
swimming-bell  are  almost  entirely 
composed  of  a  thick,  transparent, 
and  non-contractile  jelly ;  bat  the 
whole  surface  of  the  polypite,  and 
the  whole  concave  surface  of  the 
bell,  are  overlaid  by  a  thin  layer 
or  sheet  of  contractile  tissue.  This 
tissue  constitutes  the  earliest  ap- 
pearance in  the  animal  kingdom  of 
true  muscular  fibres.  The  thickness  of  this  continuous  layer  of  in- 
cipient muscle  is  pretty  uniform,  and  is  nowhere  greater  than  that  of 
very  thin  paper.  The  margin  of  the  bell  supports  a  series  of  highly 
contractile  tentacles,  and  also  another  series  of  bodies  which  are  of 
great  importance  for  us  to-night.  These  are  the  so-called  marginal 
bodies,  which  are  here  represented,  but  the  structure  of  which  I  need 
not  describe.  Lastly,  it  may  not  be  surperflubus  to  add  that  all  the 
MedussB  are  locomotive.     The  mechanism  of  their  locomotion  is  very 
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simple,  oonsiBtiiig  merely  of  an  alternate  contraction  and  relaxation 
of  the  entire  muscular  sheet  which  lines  the  cayity  of  the  bell.  At 
each  contraction  of  this  muscular  sheet,  the  gelatinous  walls  of  the 
bell  are  drawn  together ;  the  capacity  of  the  bell  being  thus  dimi- 
nished, water  is  ejected  from  the  open  mouth  of  the  bell  backwards, 
and  the  consequent  reaction  propels  the  animal  forwards.  In  these 
swimming  movements  systole  and  diastole  follow  one  another  with  as 
perfect  a  rhythm  as  they  do  in  the  beating  of  a  heart 

Those  of  you  who  were  present  at  my  lecture  last  year  will  no 
doubt  remember  my  having  told  you,  that  on  merely  cutting  off  the 
extreme  marginal  rim  of  the  bell  I  was  surprised  to  find  that  the 
previously  active  motions  of-  the  animal  suddenly  and  entirely 
ceased;  Uie  paralysis  caused  by  this  simple  operation  was  instan- 
taneous, enduring,  and  complete.  On  the  other  hand,  you  may  re- 
member, the  severed  margin  which  had  just  been  taken  from  the 
swimming-bell  invariably  continued  its  rhythmical  motions  with  a 
vigour  and  a  pertinacity  not  in  the  least  impaired  by  its  severance 
from  the  main  organism.  For  hours,  and  even  for  days  after  the 
operation,  these  motions  persisted ;  so  that  the  contrast  between  the 
death-like  quiescence  of  tiie  mutilated  swimming-bell,  and  the  active 
contractions  of  the  thread-like  portion  which  had  just  been  removed 
from  its  margin,  was  a  contrast  as  striking  as  it  is  possible  to  con- 
ceive. 

These  experiments,  then,  conclusively  proved  that  in  the  marginal 
rim  of  the  Medusas  there  is  situated  an  intensely  localized  system  of 
nervous  centres,  or  ganglia,  to  the  functional  activity  of  which  the 
rhythmical  motions  of  the  swimming-bell  are  exclusively  due.  And 
as  the  MedusfiB  are  thus  the  lowest  animals  in  which  a  nervous  system 
has  yet  been  discovered,  we  have  in  them  the  animals  upon  which  we 
may  experiment  with  the  best  hope  of  being  able  to  elucidate  all 
questions  concerning  the  origin  and  endowments  of  primitive  nervous 
tissues.  I  have  therefore  spent  much  time  and  labour,  both  last  year 
and  this  year,  in  cultivating  this  field  of  inquiry ;  and  as  it  is  a  field 
whose  ground  had  never  before  been  broken  and  whose  fertility  has 
proved  itself  prodigious,  it  is  not  surprising  that  I  should  have 
reaped  a  rich  harvest  of  results.  So  far  as  tiiese  results  have  any 
bearing  on  the  general  theory  of  evolution,  their  character  is  uni- 
formly such  as  that  theory  would  lead  us  to  expect.  For  if  I  had 
two  hours  at  my  disposal  instead  of  one,  I  might  mention  a  number 
of  facts  which  tend  to  show,  in  a  very  striking  manner,  that  the 
primitive  nervo- muscular  tissues  of  the  Medusaa,  in  respect  of  their 
physiological  properties,  present  unmistakable  affinities,  on  the  one 
hand  with  the  excitable  tissues  of  certain  plants,  and  on  the  other 
hand  with  the  nervo-muscular  tissue  of  higher  animals.  But  not 
having  time  to  go  into  this  matter,  I  shall  on  the  present  occasion 
restrict  myself  to  describing  such  of  my  results  as  tend  to  substan- 
tiate Mr.  Herbert  Spencer's  theory  concerning  the  mode  in  which 
nerves  and  nervo-systems  have  been  evolved.  And  I  adopt  this  course, 
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not  only  because  I  feel  that  any  facts  bearing  on  so  important  a 
subject  cannot  fail  to  be  of  interest  to  all  intelligent  persons ;  but 
also  because  I  tbink  tbat  this  is  a  place  best  suited  for  publishing 
the  somewhat  speculative  inferences  which  I  have  drawn  from  my 
facts.  If « these  proyisional  inferences  should  by  subsequent  ex- 
periments be  preyed  to  be  correct,  their  philosophical  as  well  as 
their  scientific  influence  will  be  great  and  far-reaching ;  but  until 
they  shall  have  been  more  completely  yerified  I  haye  not  thought  it 
desirable  to  adduce  them  in  my  communications  to  the  Boyal  Society. 
Referring,  therefore,  those  among  you  who  may  be  interested  in  the 
research  as  a  whole  to  the  '  Philosophical  Transactions/  I  will  now 
inyite  your  attention  to  a  connected  interpretation  of  some  of  the  feu^ts 
that  it  has  yielded — an  interpretation  which  I  here  publish  for  the 
first  time. 

To  begin,  then,  with  this  diagram.    It  represents  Aurdia  aurita 
with  its  polypite  cut  off  at  the  base,  and  the  imder,  or  ooncaye,  surface 


of  the  bell  exposed  to  yiew.  The  bell,  when  fully  expanded,  as  here 
represented,  is  about  the  size  of  a  soup-plate,  and  in  it  all  the  ganslia 
of  the  margin  are  collected  into  the  eight  marginal  bodies ;  so  uiat 
on  cutting  out  these  eight  marginal  bodies  total  paralysis  of  the  bell 
ensues.  But  although  the  bell  is  thus  paralyzed  as  to  its  sponktneoM 
moyements,  it  continues  responsiye  to  stimulation;  for  every  time 
you  prick  or  electrify  any  part  of  the  contractile  sheet,  a  wave  of 
contraction  starts  from  the  point  which  you  stimulate,  and  spreads 
from  that  point  in  all  directions  as  from  a  centre.  Such  contractile 
waves,  at  ordinary  temperatures,  travel  at  about  the  rate  of  a  foot 
and  a  half  per  second ;  and  the  important  question  with  regard  to 
them  which  we  shall  have  to  consider  to-night  is  this — Are  they 
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merely  of  the  nature  of  rouscle-wayes,  such  as  we  see  in  undiffer- 
entiated protoplasm,  or  do  they  require  the  presence  of  nerve-^hreB 
to  convey  them— the  stimfdus  wave  in  the  n^rve-fibres  progressively 
causing,  as  it  advances,  the  contractile  wave  in  the  mtMc2e-fibres  ? 

Now  the  great  argument  in  favour  of  these  contractile  waves  being 
muscle-waves,  and  nothing  more,  is  simply  this— that  the  contractile 
tissue  is  able  to  endure  immensely  severe  forms  of  section  without  the 
contractile  waves  in  it  becoming  blocked.  For  instance,  when  the 
bell  of  AureUa  is  cut  as  here  represented,  and  any  part  of  the  circle 
is  stimulated,  a  contractile  wave  radiates  from  the  point  of  stimulation 
just  as  it  did  before  the  cuts  were  introduced,  notwithstanding  the 
wave  has  now  to  zig-zag  round  and  round  the  ends  of  the  overlap- 
ping cuts.  Similarly,  if  instead  of  employing  artificial  stimulation 
a  single  ganglion  {g)  be  left  in  situ  while  all  the  other  seven  are 

Fig.  3. 


removed,  contractile  waves  will  radiate  in  rhythmical  succession'from 
the  single  remaining  ganglion,  and  course  all  the  way  round  the'disc. 
Now  tlus  experiment  seems  to  prove  that  the  contractile  waves  depend 
for  their  passage,  not  on  the  conductile  fdnction  of  any  primitive 
nervous  network,  but  on  the  protoplasmic  qualities  of  the  primitive 
muscular  tissue.  The  experiment  seems  to  prove  this,  because  so 
severe  a  form  of  section  would  seem  of  necessity  to  destroy  the  func- 
tional continuity  of  anything  resembling  such  a  nervous  network  as 
we  observe  in  higher  animals. 

Here,  again,  is  another  form  of  section.  Seven  marginal  bodies 
having  been  removed  as  before,  the  eighth  one  was  made  the  point  of 
origin  of  a  circumferential  section,  which  was  then  carried  round  and 
round  the  disc  in  the  form  of  a  continuous  spiral — the  result,  of 
course,  being  this  long  ribbon-shaped  strip  of  tissue  with  the  ganglion 
{g)  at  one  end,  and  the  remainder  of  the  swimming-bell  at  the  other. 
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Well,  as  before,  the  contractile  waves  always  originated  at  the  gan- 
glion ;  but  now  they  had  to  course  all  the  way  along  the  strip  until 
they  arriyed  at  its  other  extremity,  and  as  each  waTC  arrived  at  that 
extremity  it  delivered  its  influence  into  the  remainder  of  the  swim- 
ming-bell, which  thereupon  contracted.  Hence,  from  this  mode  of 
section  as  from  the  last  one,  the  deduction  certainly  appears  to  be 
that  the  passage  of  the  contractile  waves  cannot  be  dependent  on  the 
presence  of  a  nervous  plexus ;  for  nothing  could  well  be  imagined  as 
more  destructive  of  the  continuity  of  such  a  plexus  than  this  spiral 
mode  of  section  must  be. 

Fig.  4. 


Nevertheless  there  is  an  important  body  of  evidence  to  be  adduced 
on  the  other  side ;  but  as  I  can  only  wait  to  state  a  few  of  the  chief 
points,  I  shall  confine  my  observations  to  the  spiral  mode  of  section. 
First  of  all,  then,  I  have  invariably  found  it  to  be  the  case  that  if  this 
mode  of  section  be  carried  on  sufficiently  far,  a  point  is  sooner  or 
later  sure  to  come  at  which  the  contractile  waves  cease  to  pass 
forward :  they  become  blocked  at  that  point.  Moreover,  the  point  at 
which  such  blocking  of  the  waves  takes  place  is  extremely  variable  in 
different  individuals  of  the  same  species.  Sometimes  the  waves  will 
become  blocked  when  the  strip  is  only  an  inch  or  less  in  leogth, 
while  at  other  times  they  continue  to  pass  freely  from  end  to  end  of 
a  strip  that  is  only  an  inch  broad  and  more  than  a  yard  long ;  and 
between  these  two  extremes  there  are  all  degrees  of  variation.     Now 
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if  we  suppose  that  the  influence  of  the  ganglion  at  the  end  of  the 
strip  is  propagated  as  a  mere  mnscle-waye  along  the  strip,  I  cannot 
see  why  such  a  wave  should  ever  become  blocked  at  all,  still  less  that 
the  point  at  which  it  does  become  blocked  should  be  so  variable 
in  different  individuals  of  the  same  species.  On  the  other  hand,  if  we 
suppose  the  propagation  of  the  ganglionic  influence  to  be  more  or  less 
dependent  on  the  presence  of  a  more  or  less  integrated  nerve-plexus, 
we  encounter  no  difficulty ;  for  on  the  general  theory  of  evolution  it 
is  to  be  expected  that  if  such  fibres  are  present  in  such  lowly  animals 
they  should  not  be  constant  as  to  position. 

But  there  is  a  still  stronger  argument  in  fftvour  of  nerve-fibres,  and 
it  is  this.  At  whatever  point  in  a  spiral  strip  which  is  being  pro- 
gressively elongated  by  section  the  blocking  of  the  contractile  wave 
takes  place,  such  blocking  is  sure  to  take  place  completely  and 
exclunvely  at  that  point.  Now  I  cannot  explain  this  invariable  fact 
in  any  other  way  than  by  supposing  that  at  that  point  the  section  has 
encountered  a  line  of  fdnctionally  differentiated  tissue — has  severed 
an  incipient  nerve. 

Such,  some  of  you  may  remember,  was  the  state  of  the  evidence 
when  I  last  addressed  you  upon  iJiis  subject.  On  the  whole  I 
provisionally  adopted  the  view  that  all  parts  of  the  muscular  sheet  of 
the  MedusfB  are  pervaded  by  a  plexus  of  nerves,  or  '^  lines  of  discharge ;" 
and  I  explained  the  fact  of  the  tissues  in  some  cases  enduring  such 
severe  forms  of  section  without  suflering  loss  of  their  physiological 
continuity,  by  supposing  all  the  nerve-fibres  composing  the  plexus 
to  be  capable,  in  an  extraordinarily  high  degree,  of  vicarious  action. 
If  you  were  to  represent  the  hypothetical  nervous  plexus  by  a  sheet  of 
muslin,  it  is  clear  that  however  much  you  were  to  cut  the  disc  of 
muslin  with  such  radial  or  spiral  sections  as  are  represented  in  the 
diagrams,  you  could  always  trace  the  threads  of  the  muslin  with  a 
needle  round  and  round  the  disc  without  once  interrupting  the  con- 
tinuity of  your  tracing ;  for  on  coming  to  the  end  of  a  divided  thread 
you  could  always  double  back  on  it  and  choose  another  thread  which 
might  be  running  in  the  required  direction.  And  this  is  what  I 
last  year  stated  to  be  my  opinion  as  to  what  took  place  in  the  fibres 
of  the  hypothetical  nervous  plexus ;  whenever  a  stimulus  wave  arrives 
at  a  cut,  I  imagined  it  to  double  back  and  pass  into  the  neighbouring 
lines  of  discharge,  which  I  thus  supposed  to  act  vicariously  for  the 
divided  line. 

Such,  then,  when  last  I  addressed  you,  was  the  standing  of  this 
question  as  to  the  character  of  these  highly  remarkable  contractile 
waves.  On  the  whole  I  decided  in  favour  of  a  nervous  plexus, 
notwithstanding  the  improbability  that  such  a  plexus  should  be 
capable  of  vicarious  action  in  all  its  parts  to  so  almost  unlimited 
a  degree.*     I  am  glad  to  say  that  this  decision  has  now  been  further 

*  This  antecedent  improbability  is  not  so  overwhelming  as  it  is  at  first  sight 
apt  to  appear ;  for  we  must  remember  that  in  a  peripheral  nervoos  plexus  as  we 
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justified  by  some  additional  observations  wbicb  are  of  the  first 
importance.  For  since  my  last  lecture  I  bave  noticed  the  fact  tbat 
reflex  action  takes  place  between  the  marginal  ganglia  of  the  Meduse 
and  all  tbe  contractile  tissues  of  the  animal.  Thus,  for  instance,  if 
you  seize  tbe  polypite  with  a  pair  of  forceps,  tbe  marginal  ganglia 
almost  immediately  set  tbe  swimming-bell  in  violent  motion,  tbereby 
sbowing  tbat  tbe  stimulus  must  bave  coursed  up  tbe  polypite  to  its 
point  of  insertion  in  tbe  bell,  and  tben  down  tbe  sides  of  tbe  bell  to 
tbe  ganglia,  so  causing  them  to  discbarge  by  reflex  action.  Again, 
suppose  tbat  seven  of  tbe  eight  ganglia  have  been  removed  from  tbe 
margin  of  an  Aurelia^  and  tbat  any  part  of  tbe  contractile  disc  is 
stimulated  too  gently  to  start  a  contractile  wave  from   tbe  point 


meet  with  it  in  the  higher  animalB — i.  e.  in  the  fully  evolved  form  of  such  a 
structure — each  of  the  constituent  nerve-fibres  is  provided  with  an  insulating 
coat  for  the  very  purpose  of  preventing  vicarious  action  among  these  fibres,  and 
the  consequent  confusion  among  tbe  reflex  mechanisms  which  such  vicarious 
action  would  manifestly  occasion.  But  because  insulation  of  peripheral  nerve- 
fibres  is  tiius  an  obvious  necessity  in  the  case  of  a  fully  evolvcKi  nervous  plexus, 
it  by  no  means  follows  that  any  nigh  degree  of  insulation  should  be  required  in 
the  case  of  an  incipient  nervous  plexus.  On  the  contrary,  anv  hypothesis  as  to 
the  manner  in  which  nerve-fibres  first  begin  to  be  differentiated  from  protoplasm, 
must  snppose  that  the  oonductile  function  of  the  incipient  nervous  tracts  pre- 
cedes any  structure,  such  as  that  of  nerve-coats,  whereby  this  function  is  strictly 
confined  to  particular  tracts.  Tke  antecedent  probabilitv  being  tiius  in  favour 
of  the  view  that  insulating  structures  are  a  product  of  later  evolution  than  are 
the  essential  nervous  structures  which  they  msulate,  it  would  clearly  be  very 
hazardous  to  draw  any  analofi^y  between  an  incipient  nervous  plexus  such  as  I 
suppose  to  be  present  in  the  Medusae,  and  a  fully-evolved  peripheral  plexus  of  any 
of  tne  higher  animala  A  less  hazardous  amuog^  would  be  furnished  by  the 
fibres  which  occur  in  the  central  nervous  system  of  the  higher  animals ;  for  here 
it  may  be  said,  both  h  priori  from  Mr.  Spencer's  theory  and  d  posteriori  from  his- 
tological indications,  that  the  nerve-fibres  occur  in  various  degrees  of  differen- 
tiation. And  that  vicarious  action  is  possible  to  some  considerable  extent  through 
a  bridge  of  the  grey  matter  of  the  cord,  has  been  shown  by  the  double  hemi-section 
experiments  of  Brown-S^uard.  Moreover,  the  admirable  expenments  of  Goltz 
would  seem  to  indicate  that  vicarious  action  is  also  possible  to  some  extent 
among  the  ultimate  elements  of  the  brain.  I  may  add  that  recent  research  has 
tended  to  suggest  a  novel  interpretation  of  the  way  in  which  certain  poisons,  such 
as  strychnia,  act  upon  the  cord ;  for  whereas  it  hus  hitherto  been  supposed  that 
the  abnormal  reflex  excitability  which  these  poisons  engender  is  due  to  their 
exerting  a  stimulating  influence  on  the  cord,  the  researches  in  question  have 
fairly  well  proved  that  the  very  reverse  is  true,  viz.  that  the  action  of  these 
poisons  is  to  depress  the  vitality  of  the  cord.  For  a  number  of  facts  go  to  prove 
that  the  abnormal  reflex  excitability  is  due  to  the  impairment  of  some  function 
which  has  been  provisionally  termed  ^  resistance  of  the  cord,"  a  function  which  in 
health  prevents  the  imdue  spread  of  a  stimulus  through  the  substance  of  the  cord, 
and  the  impairment  of  which  by  the  poison  conseauenUy  admits  of  a  stimulus 
spreading  to  an  undue  extent,  so  giving  rise  to  the  abnormal  reflex  excitability  in 
question.  As  bearing  on  this  subject,  I  may  observe  that  while  the  action  of 
strychnia  on  the  Medusie  is  the  same  as  it  is  on  the  higher  animals,  viz.  that  of 
causing  paroxysmal  convulsions,  it  certainlv  seems  to  exercise  a  depressing  influ- 
ence on  the  tissues ;  for  an  extremely  weak  sea-water  solution  has  the  effect  of 
blocking  contractile  waves  in  any  part  of  a  spiral  strip  that  is  submitted  to  its 
influence. — G.  J.  B. 
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immediately  stimnlated,  a  contractile  wave  will  nevertheleBS  shortly 
afterwards  start  from  the  ganglion,  thus  showing  that  a  stimulus  wave 
most  have  passed  through  the  contractile  sheet  to  the  ganglion,  and 
so  caused  the  ganglion  to  discharge.  Indeed  in  many  cases  the 
passage  of  this  stimulus  wave  admits  of  being  actually  seen.  For 
it  is  a  peculiarity  of  the  numberless  tentacles  wUch  fringe  the  margin 
of  this  Medusa,  that  they  are  more  excitable  than  is  i£e  contractile 
issue  of  the  bell.  Consequently  a  stimulus  may  be  applied  to  the 
contractile  tissue  of  the  bell  wluch  is  not  strong  enough  to  start  a 
contractile  wave  in  the  bell-tissue  itself  and  is  yet  strong  enough  to 
start  a  contractQe  wave  in  the  tentacles — one  tentacle  after  another 
contracting  in  rapid  succession  until  the  wave  of  stimulation  has 
passed  all  the  way  round  the  disc.  The  latter,  of  course,  remains 
quite  passive  until  the  tentacular  wave,  or  wave  of  stimulation, 
reaches  one  of  the  ganglia  (or  the  single  remaining  ganglion,  if  the 
disc  has  been  prepi^ed  by  removing  seven  of  the  ganglia),  when, 
after  an  interval  of  half  a  second  for  the  period  of  latency,  the 
ganglion  is  sure  to  discharge,  and  so  to  cause  a  general  wave  of 
contraction. 

Now  these  facts  prove  in  a  singularly  beautiful  manner — for  this 
optical  expression  of  the  passage  of  a  wave  of  stimulation  is  a  sight 
as  beautiful  as  it  is  unique— these  facts,  I  say,  conclusively  prove 
that  the  whole  contractile  sheet  of  the  bell  presents,  not  merely  the 
protoplasmic  qualities  of  excitability  and  contractility,  but  also  the 
essentially  nervous  quality  of  conducting  stimuli  to  a  distance  irre- 
spective of  the  passage  of  a  contractile  wave.  So  I  conclude  there  can 
be  no  longer  any  question  that  we  have  here  to  deal  with  a  tissue 
already  so  far  differentiated  from  primitive  protoplasm,  that  the 
distinguishing  function  of  nerve  has  become  fully  established. 

The  question,  however,  remains:  Will  this  conductile  function 
prove  itself  as  tolerant  towards  section  of  the  tissue  as  the  contractile 
function  has  already  proved  itself  to  be  ?  for,  if  so,  any  objection  to 
the  view  that  the  passage  of  the  contractile  waves  is  due  to  vicarious 
action  of  rudimentary  nerve-fibres  will  be  removed.  Briefly,  the 
answer  to  this  question  is  an  affirmative ;  for  I  find  it  is  quite  as 
difficult  to  block  the  passage  of  stimulus  waves  by  means  of  inter- 
posing cuts,  as  we  have  seen  that  it  is  to  block  the  passage  of 
contractile  waves  by  the  same  means.  For  instance,  here  is  an 
AureUtty  the  bell  of  which  has  been  cut  into  the  form  of  a  continuous 
parallelogram  of  tissue,  and  then  submitted  to  the  tremendously 
severe  form  of  section  which  is  depicted.  Yet  on  very  gently 
stimulating  any  point  in  this  expanse  of  tissue,  as  at  the  end  a,  a 
tentacular  wave  would  course  all  the  way  along  the  margin  to  &,  thus 
showing  that  the  wave  of  stimulation  must  have  passed  round  and . 
round  the  ends  of  all  the  intervening  cuts.  In  the  diagram  the 
tentacular  wave  is  represented  as  having  traversed  one-half  of  the 
whole  distance  from  a  to  &,  and  near  h  tiiere  is  represented  a  single 
remaining    ganglion    (g).    When,  therefore,    the    tentacular    wave 
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reaches  g,  this  ganglion  will  shortly  afterwards  discharge,  so  giving 
rise  to  a  contractile  wave,  which  will  course  back  from  g  to  a  in  the 
opposite  direction  to  that  which  the  stimulus  wave  had  previously 
pursued. 

And  this,  I  am  not  afraid  to  say,  is  the  most  important  observation, 
both  to  the  physiologist  and  to  the  evolutionist,  that  has  ever  been 
made  in  the  whole  range  of  invertebrate  physiology.  For  to  the 
physiologist  this  observation  proves  that  the  distinguishing  function 

Fig   5. 


^^ 


of  nerve,  where  it  first  appears  upon  the  scene  of  life,  is  a  function 
which  admits  of  being  performed  vicariously  to  almost  any  extent  by 
all  parts  of  the  same  tissue  mass ;  while  to  the  evolutionist  the 
observation  proves  the  existence  of  such  a  state  of  things  as  his  theory 
of  nervo-genesis  would  lead  him  to  expect.  In  such  a  symmetrically 
formed  animal  as  a  Medusa,  with  all  parts  of  the  contractile  sheet 
precisely  resembling  one  another,  we  should  expect  the  lines  of 
discharge  composing  the  hypothedcal  plexus  to  be  very  numerous, 
and  all  very  much  alike  with  respect  to  the  degree  of  their  evolution. 
For,  as  the  symmetrical  form  of  the  disc  does  not  require  that  any 
one  set  of  lines  should  be  used  much  more  frequently  than  any  other 
set,  it  follows  from  Mr.  Spencer's  theory  that  all  the  lines  should 
more  or  less  resemble  one  another  as  regards  the  extent  of  their 
differentiation.*     That  is  to  say,  they  shodid  all  be  lines  presenting 


*  Mr.  Spencer  hiniBelf  observes,  '*  The  ayerag;e  equality  of  the  forces  to  which 
their  bodies  (i.  e.  those  of  the  Medu8»)  are  exposed  all  round,  is  nnfHYoorable  to 
the  formation  of  distinct  muscles,  and  a  distinct  nervous  system." — ( '  Pi^chology/ 
vol.  1.  p.  522.)  Although  this  statement  must  now  be  modified  so  far  as  the 
ganglionic  system  of  the  Medusas  is  concerned,  I  do  not  think  that  the  anticipa- 
tion which  it  embodies  should  on  this  account  be  deemed  unwarrantable  so  far  as 
it  applies  to  other  parts  of  the  nervous  system.  For  although  it  is  true  that  a 
Meaufla  a$  a  whole  is  **  exposed  all  round    to  i      " 


i  an  ''average  equality  of  forces,"  it 
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about  the  same  degree  of  resistance  to  the  passage  of  a  stimulus  wave, 
and  therefore  it  should  become  a  matter  of  indifference,  so  to  speak, 
through  which  particular  set  of  lines  such  a  wave  takes  its  course. 

There  is  still  another  class  of  facts  which  to  my  mind  makes  very 
strongly  in  favour  of  Mr.  Spencer's  theory.  Assuming,  as  I  think  we 
are  now  entitled  to  assume,  that  the  contractile  waves  are  not  merely 
muscle-waves,  but  depend  for  their  passage  on  the  progressive  passage 
of  the  stimulus  waves — assuming  this,  and  the  following  facts  become 
facts  of  great  significance.  When  the  contractile  waves  in  a  spiral 
strip  have  become  suddenly  blocked  by  section,  in  many  such  blocking 
will  be  permanent— even  tiiough  the  strip  be  continuously  stimulated, 
whether  artificially  or  by  a  single  termimd  ganglion,  as  represented  in 
Fig.  4.  But  in  oilier  cases,  after  a  time  that  varies  from  a  few  minutes 
to  a  day  or  more,  the  obstruction  is  overcome,  and  the  contractQe  waves 
pass  forward  with  perfect  freedom.  Now,  if  I  had  time,  I  could  prove 
that  these  facts  are  certainly  not  to  be  attributed  to  what  physiologists 
term  shock ;  and  therefore  it  seems  to  me  that  only  one  hypothesis 
remains.  What  I  have  recently  said  about  most  of  the  lines  of 
discharge  in  the  supposed  plexus  being  very  much  alike  as  regards 
the  degree  of  their  differentiation,  does  not,  of  course,  mean  that  all 
the  lines  are  exactly  alike  in  this  respect ;  for  on  h  priori  grounds 
such  a  state  of  things  would  be  in  the  last  degree  improbable.  Con- 
sequently, in  conducting  a  spiral  section,  it  must  happen  that  at  every 
snip  the  scissors  cut  through  a  number  of  lines  of  discharge  pre- 
senting various  degrees  of  differentiation ;  and,  such  being  the  case, 
the  fact  of  the  sudden  and  final  blocking  is  presumably  due  to  a  well- 
differentiated  line  having  been  severed  in  a  part  of  the  tissue  where 
no  other  line  occurs  of  a  sufficient  degree  of  differentiation  to  conduct 
the  stimulus  forward.  Now  in  most  instances,  as  we  should  expect, 
the  blocking  so  caused  is  permanent;  for  it  is  manifest  that  the 
formation  of  nervous  channelB,  in  the  way  suggested  by  Mr.  Spencer, 
cannot  proceed  at  so  great  a  rate  as  to  admit  of  wholly  new  lines 
of  discharge  being  established  during  the  lifetime  of  a  mutilated 
Medusa,  i.  e.  during  the  course  of  a  few  days.  Nevertheless,  according 
to  the  hypothesis,  some  small  percentage  of  cases  might  be  expected 
to  occur  in  which  such  blocking  of  the  contractile  waves  would  only 
be  temporary.  For  some  cases  would  almost  certainly  occur  in  which 
the  relations  of  the  highly  differentiated  line  just  destroyed  to  the 
more  slightly  differentiated  lines  in  the  neighbourhood  of  the  section, 

is  not  tnie  that  the  excitable  portions  of  a  Medoaa  are  thus  equally  ezpoeed.  On 
the  contrary,  the  margin  of  the  excitable  sheet  which  lines  the  cavit?  of  the  bell, 
occupies  a  much  more  ezpoeed  position  than  does  any  other  part  of  that  sheet ; 
and  whether  or  not  this  fact  has  anything  to  do  with  the  oevelopment  of  the 
ganelia  in  the  only  part  of  the  excitable  sheet  which  is  thus  peculiarly  situated,  I 
thii&  it  id  obvious  that  this  part  of  a  Medusa  ought  to  be  carefully  excepted  in 
the  statement  which  I  have  quoted.  With  regietrd  to  all  other  parts  of  the 
excitable  sheet,  however,  the  statement  is  certainly  correct ;  and  it  is  only  to  such 
parts  that  the  considerations  in  the  text  apply.— O.  J.  R. 
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would  happen  to  be  such  that  the  more  slightly  differentiated  lines 
would  be  very  nearly,  though  not  quite,  able  to  act  yicariously  for 
the  more  highly  differentiated  line  which  has  just  been  destroyed 
(see  Fig  4,  where  the  deep  line  represents  the  well-differentiated  line 
which  has  just  been  seyered,  and  the  dotted  line  the  less  differentiated 
one  which  is  still  intact).  The  contractile  waves,  therefore,  would  in 
the  first  instance  become  suddenly  blocked  at  the  end  of  the  strip. 
But  the  molecular,  and  with  them  the  contractile,  waves  still  con- 
tinuing to  pass  quite  up  to  the  end  of  the  strip,  and  being  there 
always  suddenly  stopped,  a  rude  conflict  of  molecular  forces  will  thus 
be  set  up  in  the  area  where  these  waves  are  impeded,  and  each  of  the 
forces  concerned  will  seek  for  itself  the  line  of  least  resistance. 
Hence,  as  the  successive  waves  beat  rhythmically  on  the  area  of 
obstruction,  more  or  less  of  the  molecular  disturbance  must  every 
time  be  equalized  through  these  lines  of  discharge*  which  from  the 
first  have  been  almost  sufficient  to  maintain  the  physiological  con- 
tinuity of  the  tissue.  Therefore,  according  to  the  hypothesis,  every  wave 
that  is  blocked  imposes  on  these  particular  lines  of  discharge  a  much 
higher  degree  of  functional  activity  than  they  were  ever  before 
required  to  exercise;  and  this  greater  activity  causing  in  its  turn 
greater  permeability,  a  point  will  sooner  or  later  arrive  at  which 
these  lines  of  discharge  from  having  been  oLmoet  become  quite  able  to 
draft  off  sufficient  molecular  motion,  or  stimulating  influence,  to  carry 
on  the  contractile  waves  beyond  the  area  of  previous  blocking.  In 
such  instances,  of  course,  we  should  expect  to  find,  what  I  always  ob- 
served to  be  the  case,  viz.  that  the  first  contractile  waves  which  pass  the 
barriers  are  only  very  feeble,  the  next  stronger,  the  next  still  stronger, 
and  so  on,  according  as  the  new  passage  becomes  more  and  more 
permeable  by  use ;  untQ  at  last  the  contractile  waves  pour  over  the 
original  barrier  without  any  perceptible  diminution  of  Uieir  force.  In 
some  cases,  by  exploring  with  graduated  stimuli  and  needle-point 
terminals,  I  was  able  to  ascertain  the  precise  line  through  which  this 
eruption  of  stimulating  influence  had  tiJcen  place ;  so  that  altogether  I 
think  these  facts  tend  very  strongly  to  confirm  Mr.  Spencer's  theory 
regarding  the  genesis  of  nerves.*     I  will  only  add  that  if  this 

*  Ab  additional  proof  that  a  wave  of  stimulation  may  pass  over  a  barrier  of 
the  kind  described  in  too  small  a  quantity  to  start  a  waye  of  contraction  beyond 
the  barrier,  I  may  mention  that  in  some  cases  I  have  obsenred  that  the  establish- 
ing of  a  new  line  of  physiological  connection  is  a  more  gradual  process  than  stated 
in  the  text  To  show  this,  I  may  briefly  quote  one  very  instructive  case.  Seven 
marginal  bodies  havios  been  removed,  the  eighth  one  continued  to  originate 
oon&kctile  waves,  whi^  coursed  round  the  swimming-bell  a^  usual  I  now 
made  a  radial  cut  half  an  inch  on  one  side  of  the  marginal  body,  and  extending 
to  the  centre  of  the  swimming-bell.  The  contractile  waves  were  immediately 
blocked — thus  showing,  as  did  a  somewhat  similar  experiment  detailed  in  my 
first  Boyal  Society  paper  (^.  293),  **  that  the  influence  of  the  marginal  body 
had  previously  been  communicated  to  the  swiraming-bell  from  one  side  only.**  But 
in  the  case  we  are  now  considering,  the  discharges  of  the  marginal  body  were 
still  rendered  apparent  by  very  local  contractions  of  a  tissue  area  in  the  immediate 
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interpretation  of  the  facts  is  correct,  we  have  in  them  a  striking 
instance  of  the  nniformity  with  which  Nature  works.  A  scientific 
theory  concerning  the  evolution  of  nerves,  which  a  year  or  two  ago 
it  seemed  impossible  to  verify,  from  the  fact  that  it  seemed  as  though 
the  observations  which  would  be  required  to  verify  it  would  need  to 
extend  over  thousands  of  years — this  theory  is  now,  I  believe,  being 
verified  by  observations  which  need  only  extend  over  hours  and 
minutes.  The  immensely  protracted  history  of  nervo-genesis  upon 
this  planet  is  thus  probably  reproduced  in  a  greatly  foreshortened 
manner  in  the  facts  which  I  have  explained ;  and  inconceivable  as  is 
the  difference  between  these  two  histories  of  nervo-genesis  in  respect 

vicinity  of  that  body,  the  area,  namely,  which  in  the  fig^ure  representing  one  end 
of  tlie  strip  is  marked  b  b.  Exploration  by  stimuluB  now  showed  that  general 
contractile  waves  ooUld  only  be  started  outside  the  area  b  b.  In  somewliat  more 
than  half  an  hour  after  the  operation  (during  which  time  the  area  b  b  continued 
to  contract  rhythmically),  the  ganglionic  influence  for  the  first  time  extended  from 
the  area  bb  to  the  rest  of  the  strip— the  contraction  being  therefore  general. 

Fio.  6. 


After  this  first  eruption  of  contractile  influence,  there  succeeded  a  period  of  about 
a  minute,  during  which  the  area  b  b  continued  to  contract  independently  as  before. 
Then  another  eruption  took  place,  followed  by  another  period  of  restricted  con- 
traction, and  so  on.  Next,  these  general  contractions  became  progressively 
more  and  more  frequent,  and  as  the  rhythm  always  continued  the  same,  whether 
the  contractions  were  local  or  general,  the  number  of  the  latter  became  increased 
at  the  expense  of  that  of  the  former.  Thus,  while  at  first  there  were  twenty  or 
thirty  local  contractions  between  every  two  general  contractions,  this  proportion 
gradually  fell  to  fifteen,  ten,  five,  Ac,  till  the  numbers  became  equal,  after  which 
the  balance  began  to  incline  in  favour  of  the  general  contractions.  Eventually 
the  local  contractions  ceased  altogether,  and  on  now  excising  the  marginal  body 
and  exploring  by  stimulus,  I  was  able  to  localize  very  precisely  the  line  through 
which  physiological  continuity  had  been  established  between  b  b  and  the  rest  of 
the  contractile  strip.  This  line  was  ac,  as  shown  by  the  fact  that  while 
stimulation  of  any  other  part  of  tlie  area  b  b  was  followed  only  by  a  local  con- 
traction of  that  area,  stimulation  of  the  line  a  o  was  always  followed  by  a  general 
contraction. — G.  J.  R. 
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Fig.  7. 


of  their  duration,  it  is  neyertheless  most  probably  in  respect  of  their 
duration  alone  that  these  two  histories  differ. 

I  will  now  invite  your  attention  to  another  species  of  Medusa, 
which  is  of  a  somewhat  more  highly  eyolved  type  than  Aurelia^  and 
which  I  haye  called  Tiaropsis  indicans,  in  allusion  to  a  highly  in- 
teresting and  important  function  which  is  displayed  by  its  polypite. 
This  function  consists  in  that  organ  localizing,  with  the  utmost  pre- 
cision, any  point  of  stimulation  situated  in  the  bell.     For  instance,  if 

the  bell  be  pricked  with  a  needle 
at  this  point  (a),  the  polypite  im- 
mediately moyes  oyer  and  touches 
that  point,  as  represented  in  the  dia- 
gram. If  immediately  afterwards 
any  other  part  of  the  bell  be  pricked, 
the  polypite  moyes  oyer  to  that  part, 
and  so  on.  Now  this,  you  will  per- 
ceiye,  is  a  highly  remarkable  func- 
tion ;  for  it  proyes  that  all  parts  of 
the  bell  must  be  peryaded  by  lines 
of  discharge,  eyery  one  of  which  is 
capable    of   conyeying    a    separate 

-,.        .  .  ,.         ,.  u.,       ,        1    stimulus  to  the  polypite,  and  so  of 
Tuiropsts  indioans.  Biightly  emwged,         ,,.        ,,  ^      'i^  i  .      j 

^  I     e>     /         o       enabling  the  polypite  always  to  de- 

termine which  of  the  whole  multitude  is  being  stimulated.  This 
localizing  function  of  the  polypite  therefore  shows  that  the  lines  of 
discharge  must  be  more  differentiated  in  this  species  than  they  are 
in  Aurelia;  for  it  shows  that  yicarious  action  cannot  be  possible 
among  them  in  so  high  a  degree :  eyery  line  of  discharge  must  here 
haye  acquired  a  more  specialized  character,  in  order  that  the  message 
which  it  conyeys  to  the  polypite  when  itself  directly  stimulated  may 
not  be  confused  with  that  which  is  conyeyed  by  any  other  line. 

Now  it  is  easy  to  be  wise  after  the  eyent ;  but  the  state  of  things 
we  here  obserye  is  just  such  a  state  of  things  as  I  think  we  should 
expect  to  constitute  the  next  stage  of  neryo-eyolution.  It  is  no  doubt 
a  benefit  to  this  Medusa  that  its  polypite  is  able  to  localize  a  seat  of 
stimulation  in  the  bell ;  for  the  end  of  the  polypite  is  provided  with 
a  stinging  apparatus,  and  is  besides  the  mouth  of  the  animal.  Con- 
sequently, when  any  living  object  touches  the  bell — whether  it  be  an 
enemy  or  a  creature  serving  as  prey — it  must  alike  be  an  advantage 
to  the  Medusa  that  its  polypite  is  able  to  move  over  quickly  to  the 
right  spot,  in  the  one  case  to  sting  away  the  enemy,  and  in  the  other 
to  capture  the  prey.  Hence  I  think  that  natuitJ  selection  would 
probably  tend  to  convert  lines  of  discharge  in  promiscuous  directions, 
into  lines  of  discharge  in  definite  directions — thus  developing  the 
function  of  localization.  At  first,  no  doubt,  this  function  would  be 
performed  only  in  a  general  and  tentative  manner  (as,  indeed,  I  have 
observed  in  the  case  of  Aurelia) ;  but  gradually,  by  the  combined  action 
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and  matnal  reaction  of  use  and  Boryiyal  of  the  fittest,  this  function 
wonld  come  to  be  performed  with  ever-increasing  precision.* 

This,  then,  I  conceive  to  be  an  important  step  in  the  evolntion  of 
nervous  systems — foreshadowing  as  it  does  the  principle  of  co- 
ordination among  muscular  movements,  which  in  all  the  higher 
animals  is  effected  by  reflex  mechanisms  precisely  resembling,  as  to 
their  function,  the  primitive  reflex  mechanism  we  are  considering. 
But  now  another  point  of  interest  arises.  As  Spencer's  theory 
supposes  a  line  of  discharge  to  become  more  and  more  definite  by  use, 
if,  for  the  maintenance  of  any  particular  function  such  as  the  one  we 
are  considering,  a  certain  line  of  discharge  habitually  serves  as  a  line 
of  communication  between  two  points  of  the  animal  tissues,  it  follows 
that  this  line  will  offer  less  resistance  to  the  passage  of  a  stimulus 
between  these  two  points  than  would  any  other  line  in  the  organism. 
Consequently,  so  long  as  such  a  line  remains  intact,  so  long  we  should 
expect  what  we  have  seen  to  be  the  case,  viz.  that  Httle  or  no 
vicarious  action  takes  place  between  it  and  other  lines.  But  let  this 
line  be  severed,  and  let  there  be  a  number  of  closely  adjacent  lines, 
as  there  must  be  in  this  particular  instance,  and  should  we  not  expect, 
both  firom  Spencer's  theory  and  from  our  knowledge  of  Aurdia^  that 
at  some  such  grade  of  nervous  evolution  as  Tiaropsis  presents,  the 
stimulus  should  be  able  to  escape  from  the  severed  to  the  unsevered 
lines?  And  this  I  find  to  be  the  case.  For  if  a  small  cut  be  intro- 
duced between  the  base  of  the  polypite  and  the  seat  of  injury  in  the 
bell,  the  polypite  is  no  longer  able  to  localize  the  seat  of  injury, 
although  it  still  continues  to  perceive,  so  to  speak,  that  injury  is 
being  applied  somewhere.  For  instance,  if  a  short  cut  be  introduced 
as  here  represented  at  6  4^  and  you  prick  the  bell  anywhere  below  the 
cut,  as  at  d,  the  polypite,  instead  of  immediately  applying  its  extremity 
to  the  exact  spot  that  is  being  stimulated,  now  actively  dodges  about 
first  to  one  part  and  then  to  another  part  of  the  bell,  as  if  seeking  in 
vain  for  the  offending  body,  which,  however,  it  cannot  succeed  in 
finding.  Now  I  explain  this  marked  change  in  the  behaviour  of  the 
polypite  by  supposing  that  the  wave  of  stimulation  in  this  case  runs 
along  the  habitual  line  of  discharge  till  it  reaches  the  cut ;  but  being 
there  no  longer  able  to  pursue  tlus  habitual  line  of  least  resistance, 
the  wave  of  stimulation  escapes  into  the  adjacent  lines,  and  so  spreads 
all  over  the  bell.  Hence  a  number  of  conflicting  messages  are 
simultaneously  delivered  to  the  polypite,  which  therefore  executes  the 
random  movements  I  have  described — each  of  these  movements  being 
presumably  determined  by  the  relative  degree  in  which  now  one  line 
and  now  another  takes  part  in  conveying  tiie  scattered  stimulus. 

And  now  for  another  expectation  to  be  realized.    We  should 

*  It  may  be  here  obaerved  that  Mr.  Spenoer.  in  his  theory  of  nerro-geneBiB, 
expressly  supplements  his  hypothesis  as  to  the  direct  influenoe  of  use,  with  that 
as  to  the  inairect  influenoe  of  natural  aelectioii.  (See  *  Biology,'  §  164.)— 
G.  J.  B. 
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expect  that  the  higher  degree  of  specialization,  which  in  these  lines  of 
discharge  prevents  yicarions  action  so  long  as  the  lines  are  undivided, 
should  have  the  effect  of  rendering  such  vicarious  action  as  we  have 
seen  to  ensue  when  the  lines  are  divided,  less  easy  than  it  is  in  Aurelic^ 
where  the  specialization  of  the  lines  being  less  pronounced,  vicarious 
action  among  them  is  presumably  more  habitual.  And  such  I  find  to 
be  the  case ;  for  while  in  Aurelic^  as  we  have  seen,  stimulus  waves 
continue  to  zig-zag  round  and  round  the  ends  of  almost  any  number 
of  overlapping  cuts,  in  Tiaropsis  two  or  three  such  cuts  are  sufficient 
to  destroy,  not  only  the  localizing,  but  also  the  random  movements  of 
the  polypite— the  latter  then  remaining  passive,  because  the  stimulus 
waves  are  wholly  blocked. 

And  lastly,  before  leaving  the  case  of  Tiaropna  indicans,  I  should 
like  to  mention  the  noteworthy  fact,  that  although  the  polypite  is  able 
to  perform  the  intricate  ganglionic  function  of  localizing  any  seat  of 
stimulation  in  the  bell,  no  signs  of  ganglionic  strueiure  can  be 
detected  with  the  microscope.  Moreover,  a  portion  of  any  size  that 
is  removed  from  the  polypite  continues  to  perform  the  localizing 
function,  in  just  the  same  way  as  does  the  entire  organ.  In  other 
words,  this  localizing  function,  which  is  so  very  efficiently  performed 
by  the  polypite  of  tMs  Medusa,  and  which,  if  anything  resembling  it 
occurred  in  the  higher  animals,  would  certainly  have  definite  ganglia 
for  its  structural  correlative,  is  here  shared  equally  by  all  parts  of 
the  exceedingly  tenuous  excitable  tissue  that  forms  the  outer  surface 
of  the  organ.  The  case  of  the  incipient  ganglia  of  the  polypite  thus 
resembles  that  of  the  incipient  nerves  of  the  bell  in  this  respect — that 
in  both  cases  obvious  signs  of  characteristic  function  are  displayed 
before  any  corresponding  signs  of  structure  can  be  distinguished. 
Nerve-cells  therefore,  no  less  than  nerve-fibres,  are  thus  shown  to  have 
their  first  beginnings  in  differentiations  of  protoplasmic  substance 
which  are  too  refined  for  the  microscope  to  analyze. 

There  is  one  other  species  of  Medusa  about  which  I  should  like 
to  say  a  very  few  words,  because  it  presents  a  still  higher  grade  of 
nervous  evolution  than  Tiaropsia,  This  is  SarnOy  a  Medusa  in  whidi 
the  lines  of  discharge  have  in  some  places  become  so  far  differentiated 
as  to  admit  of  being  actually  seen,  and  are  therefore  entitled  to  be 
called  nerves.  All  round  the  margin,  and  likewise  along  the  course 
of  the  radial  tubes,  these,  the  earliest  visible  nerve-fibres  in  the 
animal  kingdom,  may  be  traced.  And  as  we  might  anticipate,  the 
advance  of  structure  which  is  implied  by  an  invisible  "  line  of  dis- 
charge" becoming  a  visible  nerve-fibre,  entails  a  corresponding 
advance  of  function.  In  the  first  place,  the  rate  at  which  a  stimulus 
travels  seems  to  be  much  greater  along  these  fully-evolved  nerve- 
fibres  than  it  is  in  the  more  rudimentary  nerves  or  lines  of  discharge 
in  Aurelia,  In  the  next  place,  this  greater  differentiation  of  nerve- 
tissue  renders  the  nervous  connection  between  any  two  parts  of  the 
organism  much  more  definite,  and  therefore  vicarious  action  less 
promiscuous,  than  we  have  seen  it  to  be  in  the  other  jelly-fishes ;  so 
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that,  for  instance,  a  tentacular  wave  in  this  species  may  be  blocked 
by  a  single  short  cnt  through  the  margin  of  the  bell.  Lastly,  it  is  in 
this  species  that  I  was  first  able  to  perceive  any  unequivocal  evidence 
of  co-ordination  among  the  marginal  ganglia.  In  all  the  other 
species  of  MedussB  the  marginal  ganglia  appear  to  act  independently 
of  one  another ;  but  in  this  species,  where 
the  marginal  ganglia  are  first  seen  to  be  -pio.  8. 

united  by  a  visible  nerve-fibre,  they  always 
act  in  concert.  So  much,  indeed,  is  this 
the  case,  that  the  animal  is  able  to  steer 
itself  in  any  required  direction,  as  proved 
by  the  experiment  which  I  described  last 
year,  whereby  individuals  of  this  species 
were  shown  to  have  the  power  of  following 
a  moving  beam  of  light  round  and  round 
the  vessel  in  which  they  were  contained. 
I  may  also  remark  that  individuals  of  this 
species  present  much  more  nervous  energy 
than  those  of  any  other  species  of  Medusas 
which  I  have  had  the  opportunity  of  ob- 
serving. 

I  have  now,  ladies  and  gentlemen,  com- 
municated some  of  the  points  wherein  my 
work  has  tended  to  elucidate  the  early 
stages  in  the  evolution  of  nerves  and 
nervous  systems.  And  these  are  just  the 
stages  concerning  which  elucidation  is 
most  required.  When  once  nerve-fibres 
and  nerve-cells  have  been  fully  evolved 
and  arranged  in  the  form  of  simple  reflex 
mechanisms,  the  subsequent  history  of 
their  evolution  into  compound  nervous 
systems  is  readily  intelligible.  The  prin- 
ciples on  which  this  higher  evolution  is 
efibcted  are  throughout  the  same,  and 
result  essentially  in  establishing  ever  more 
and  more  advanced  degrees  of  integration. 
Compare,  for  instance,  these  diagrams 
which  represent  severally  the  nervous  sys-  Sarsia  tubulosa,  x  three  times, 
tems  of  an  earth-worm,  a  centipede,  an 

insect,  and  a  spider ;  and  observe  the  progressive  fusion  of  ganglia 
which  has  taken  place.  The  progressive  centralization  which  is 
thus  effected  is  no  doubt  ultimately  due  to  natural  selection,  if 
not  exclusively,  at  any  rate  in  large  part ;  for  this  increasing 
consolidation  of  the  reflex  mechanisms  must  be  of  great  benefit 
to  the  organisms  which  present  it — serving  as  it  does  to  render 
possible  muscular  movements  ever  more  and  more  varied  and  com- 
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bined.  In  the  vertebrated  series  of  animals  the  eTolntion  of  central 
nervous  matter  consists  chiefly  in  adding  to  the  size  of  ganglia 
by  increasing  the  number  of  their  ultimate  nervous  elements,  nerve- 
cells  and  nerve-fibres.  This  progressive  increase  in  the  size  of 
ganglia  is  especially  remarkable  in  the  case  of  the  cerebral  hemi- 
spheres. Now  the  cerebral  hemispheres  are  the  ganglia  which  we 
Imow  to  be  the  exclusive  seat  of  the  intellectual  faculties ;  and  their 
progressive  increase  in  bulk  as  we  ascend  through  the  animal  series, 
is  undoubtedly  to  be  regarded  as  the  structural  correlative  of  that 
progressive  advance  of  the  intellectual  powers  which  is  so  conspicu- 
ously apparent  as  we  ascend  fix>m  the  lower  animals  to  Man. 

And  now,  in  conclusion,  I  should  like  to  observe,  that  even  in  this 
the  highest  product  of  nervous  evolution — ^the  supreme  ganglia  or 
cerebrfd  hemispheres  of  Man — not  only  do  we  still  encounter  the 
same  fundamental  constituents  of  structure  as  we  observe  in  all 
other  ganglia;  but  the  cells  and  fibres  in  the  brain  of  a  man  do 
not  differ  in  any  marked  degree  from  the  cells  and  fibres  in  the 
ganglion  of  an  Aurelia,  There  is,  however,  a  prodigious  difference 
in  the  product  of  their  operation.  When  ordinary  ganglion  cells 
discharge  their  influence,  the  result  is,  as  we  have  seen,  a  mus- 
cular contraction ;  but  when  cerebral  cells  discharge  their  influence, 
we  of  to-day  can  have  no  doubt  that  the  result  is  a  mental 
change.  And  although  we  freely  acknowledge  that  we  are  here  stand- 
ing on  the  border-land  of  insoluble  mystery,  we  are  not  afraid  to 
assert  with  confidence,  that  in  the  amazing  complexity  of  the  brain's 
structure — amid  those  millions  on  millions  of  interlacing  cells  and 
fibres — we  have  the  physical  aspect  of  all  those  relations,  which  on 
their  psychical  aspect  we  know  as  thoughts  and  feelings.  Do  you 
think  that  this  sounds  like  materialism  ?  I  am  not  here  to-night  to 
discuss  that  point ;  but  I  may  observe,  in  passing,  that  even  were  I 
able  to  tell  you  the  particular  cerebral  elements  which  I  now  use  in 
expressing  this  statement  to  you,  I  should  be  just  as  much  or  just  as 
little  on  the  way  towards  proving  materialism,  as  I  am  when  I  tell 
you  that  a  blow  on  the.  head  produces  insensibility.  Science  can 
never  go  farther  than  common  sense  in  proving  any  necessary  connec- 
tion to  subsist  between  mind  and  matter;  for  all  that  science  can 
ever  do  is  to  ascertain  numerous  details  with  regard  to  such  connec- 
tion as  undoubtedly  does  exist,  and  which,  as  a  matter  of  daily  expe- 
rience, common-sense  has  already  and  completely  recognized.  How- 
ever, materialism  or  no  materialism,  it  is  manifest  that  the  facts  being 
what  they  are,  Mr.  Spencer's  theory  as  to  the  genesis  of  nerves  must 
not  be  allowed  to  stop  short  just  where  its  presence  is  most  required. 
As  we  have  seen  that  the  cerebral  hemispheres  of  man  resemble  all 
other  ganglia  in  structure,  we  cannot  hesitate  in  concluding,  that  if 
Mr.  Spencer's  theory  is  valid  in  explaining  the  genesis  of  nerves  in 
general,  in  can  be  no  less  valid  in  explaining  Uie  genesis  of  these 
supreme  ganglia  in  particular.  And  as  we  have  every  reason  to 
believe  that  tiie  functional  operations  of  these  supreme  ganglia  are 
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inseparably  aenooiated  with  onr  thoughts  and  feelings,  we  are  driven 
to  the  yet  further  conclusion,  that  if  Mr.  Spencer's  theory  is  of  any 
yalidity  at  all,  our  possible  as  well  as  our  actual  thoughts  and  feeling 
are  determined  by  the  strictly  physical  conditions  under  which  mole- 
cular waves  of  stimulation  course  through  the  structure  of  the  brain. 
So  that  in  this  Spencerian  hypothesis  of  lines  of  discharge  becoming 
more  and  more  definite  by  use,  we  have  a  physical  explanation,  which 
is  perhaps  as  full  and  as  complete  as  such  an  explanation  can  ever  be, 
of  the  genesis  of  Mind.  From  the  time  that  intelligence  first  dawned 
upon  the  scene  of  life,  whenever  a  new  relation  had  to  be  established 
in  the  region  of  mind,  it  could  only  be  so  established  in  virtue  of 
some  new  line  of  discharge  being  excavated  through  the  substance  of 
the  brain.  The  more  often  this  relation  had  to  be  repeated  in  the 
mind,  the  more  often  would  this  discharge  require  to  take  place  in 
the  brain,  and  so  the  more  easy  would  every  repetition  of  the  process 
become ;  until  at  last  the  line  of  discharge  grows  into  a  nerve-fibre, 
and  becomes  the  inherited  property  of  the  race.  Thus  it  is,  according 
to  the  theory,  that  there  is  always  a  precise  proportion  between  the 
constancy  with  which  any  relations  have  been  joined  together  during 
the  history  of  intelligence,  and  the  difficulty  which  intelligence  now 
experiences  in  trying  to  conceive  of  such  relations  as  disjoined. 
Thus  it  is  that,  even  during  the  history  of  an  individual  intelligence, 
'*  practice  makes  perfect,"  by  frequently  repeating  the  needful  stimu- 
lations along  the  same  lines  of  cerebral  discharge— so  rendering  the 
latter  even  more  and  more  permeable  by  use.  Thus  it  is  that  a  child 
learns  its  lessons  by  frequently  repeating  them ;  and  thus  it  is  that 
all  onr  knowledge  is  accumulated.  In  a  word,  if,  as  has  been  truly 
said, ''  man  is  a  bundle  of  habits,"  we  have  in  Mr.  Spencer's  theory  of 
nervo-genesis  a  physical  explanation  of  the  fact.  And  forasmuch  as 
it  is  upon  this  theory  that  Mr.  Spencer  may  be  said  to  found  that 
great  monument  of  modem  thought — his  "  Principles  of  Psychology," 
I  cannot  but  feel  that  one  of  the  most  important  bearings  which  my 
work  on  the  Medusas  has  had,  is  that  of  supplying  facts  which  tend 
to  substantiate  this  theory — and  this  at  a  time  when  it  seemed  as 
though  the  theory  could  never  have  other  than  a  priori  considerations 
for  its  support.  But  if  my  interpretation  of  these  facts  is  correct,  this 
important  theory  is  now  receiving  inductive  verification  from  a  most 
unexpected  source.  At  first  sight  no  two  organic  structures  could 
well  seem  to  have  less  in  common  than  the  swimming-bell  of  a 
Medusa  and  the  brain  of  a  Man;  nor  could  anything  seem  more 
unlikely  than  that  a  great  psychological  theory  should  derive  support 
from  the  study  of  polypes,  where  the  very  existence  of  a  nervous 
system  has  only  just  been  discovered.  But  here  again,  I  believe,  we 
may  discern  ube  uniformity  of  Nature;  and  while  watching  the 
passage  of  the  waves  of  stimulation  in  the  contractile  strips  of  Aurelia 
— now  passing  freely,  now  stopped  by  an  excess  of  resistance,  and  now 
again  forcing  a  passage,—  I  have  felt  that  I  was  probably  witnessing, 
on  the  lowest  plain  of  nervo-genesis,  that  very  same  play  and  counter- 
VoL.  VIII.    (No.  67.)  2  I 
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play  of  forces,  which,  on  the  highest  pL&in  of  neryo-genesis,  invariably 
accompanies,  if  it  does  not  actually  cause,  the  most  intricate  reasoning 
of  a  Newton,  the  most  sublime  emotion  of  a  Shakespeare,  the  most 
imperious  will  of  a  Napoleon,  and  the  most  transforming  thought  of  a 
Darwin.* 

[G.  J.  R.] 

•  Thrcraghont  the  lecture  of  which  the  aboye  is  a  pretty  fall  abstract,  I  have 
associated  Mr.  Herbert  Spencer's  theory  of  nerro-genesis  with  his  name  exclusively. 
To  avoid  misapprehension,  therefore,  I  append  this  note  to  state  that  I  am  not 
ignorant  of  the  met  that  the  theory  in  question  has  occurred  to  other  thinkers  as 
well  as  to  the  great  English  philosopher.  Moreover,  I  am  quite  aware  that  even 
if  this  theory  of  nervo-genesis  had  never  been  enunciated  d  priori  by  any  speculati?e 
thinker,  some  such  theory  would  certainly  have  been  devised  d  posteriori  by  any 
working  physiologist  of  moderate  oapactty  who  might  first  happen  to  observe 
such  facts  as  are  above  detailed.  But  considering  that  Mr.  Spencer  elaborated  the 
theory  deductively,  and  that  he  did  so  in  a  much  more  thorough  and  painstaking 
manner  than  had  ever  been  done  before  ;  considering,  too,  that  he  has  given  the 
theory  so  elaborated  such  a  prominent  place  in  his  system  of  objective  psycholc^gy, 
I  have  no  hesitation  in  describing  this  theory  as  pre-eminently  a  product  of  his 
authorship. 

In  now  concluding  this  abstract  I  desire  it  to  be  observed,  that  having  had  so 
much  experimental  work  to  accomplish  in  connection  with  this  research,  I  have 
not  as  yet  had  time  to  conduct  any  systematic  investigation  concerning  the 
histology  of  the  Medussd ;  and  that  many  of  the  above  inferences  must  therefore 
be  regaided  as  premature  and  uncertain  so  long  as  this  part  of  the  work  remains 
unfinished. — G.  J.  B. 
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WEEKLY  EVENING  MEETING, 

Friday,  June  1,  1877. 

William  Spottibwoods,  Esq.  LL.D.  Treas.  RS.  Secretary  and 
Vioe-President,  in  the  Chair. 

OsoAB  Bbowhiko,  Esq. 

The  History  of  Education. 

Up  to  the  present  time  little  attention  has  been  paid  in  England  to 
the  science  of  education.  In  some  respects  no  country  in  Europe  is 
better  fitted  with  appliances  of  instruction.  Our  uniyerdties  are 
possessed  of  great  wealth;  our  public  schools,  in  their  manliness 
and  independence,  are  objects  of  admiration  and  envy  to  our  neigh- 
bours ;  the  whole  country  is  covered  with  a  network  of  educational 
endowments,  old  and  new,  which  only  require  the  hand  of  the 
reformer  to  quicken  them  into  more  abundant  life.  The  State  has 
taken  its  share  in  the  education  of  the  peopla  At  the  same  time  the 
personnel  of  the  teaching  staff  in  our  great  schools  is  probably  un- 
rivalled in  Europe.  It  is  true  that  the  elements  of  which  it  is  com- 
posed lack  that  unity  and  cohesion  which  are  the  conditions  of  a 
profession;  teachers  of  various  grades  know  little  of,  and  perhaps 
care  less  for,  the  efforts  of  their  fellow  labourers  in  l^e  same  field. 
But  this  defect  is  in  a  fair  way  of  being  remedied ;  and  whenever  the 
profession  of  teaching  is  invested  with  the  responsibilities  and  safe- 
guards which  belong  to*  other  learned  professions,  it  will  be  second  to 
none  of  them  in  ability  and  numbers.  In  the  face  of  this  rapid  and 
momentous  progress,  it  becomes  of  the  utmost  importance  that  theory 
should  accompany  practice,  and  that  teachers  who  claim  to  rank  with 
lawyers  and  doctors,  should  not  commence  their  operations  on  human 
minds  with  an  entire  ignorance  of  ^e  principles  of  their  art.  This 
is  not  a  time  to  show  how  ignorance  of  the  principles  of  education 
is  one  of  the  greatest  hindrances  to  practiod  educational  reform. 
The  want  of  sucm  knowledge  is  beginning  to  be  felt  among  teachers 
themselves;  it  is  recognized  outside  their  body;  chairs  of  educa- 
tion have  been  founded  at  the  Scotch  universities;  instruction  in 
the  science  is  attainable  in  London ;  our  English  universities  are 
being  pressed  to  follow  in  the  same  track,  and  there  is  a  fair 
hope  that  after  another  ten  years  have  elapsed  no  master  wiU  be 
appointed  to  a  large  school  who  is  not  acquainted  with  what  the 
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best  minds  liaye  thongbt  upon  the  occupation  of  his  life,  and  who 
has  not  undergone  a  formal  apprenticeship  for  his  work.  In  this 
respect  we  are  far  behind  the  Continent.  In  France,  Belgium, 
Switzerland,  Italy,  pasdagogics  or  the  science  of  education  is  re- 
cognized as  a  definite  subject  of  serious  study.  In  Germany  the 
science  has  assumed  proportions  which  those  who  have  not  investi- 
gated the  matter  would  find  difficult  to  believe.  What  then  is  the 
science  of  education  to  which  our  neighbours  are  so  devoted,  and 
of  which  we  are  so  ignorant?  It  consists  mainly  of  two  parts; 
first,  an  exposition  of  the  general  aims  and  principles  of  educa- 
tion, the  means  by  which  children  may  best  be  kept  in  order 
and  induced  to  learn,  and  by  which  their  characters  and  faculties 
may  be  most  successfoUy  developed :  secondly,  it  comprises  a  history 
of  education  and  of  educational  i^eories,  a  view  of  the  eiducation  which 
has  been  given  in  different  ages  of  the  world,  of  the  principles  laid 
down  by  educational  philosophers,  of  the  lives  and  labours  of  practical 
teachers,  showing  what  they  were  able  to  accomplish  in  their  lives, 
and  still  more,  what  they  left  to  be  accomplished  by  their  successors 
in  happier  times  and  under  more  toward  circumstances.  It  is  to  this 
history  of  education  that  I  propose  to  direct  your  attention  this 
evening.  I  shall  attempt  to  give  a  very  hasty  sketch  of  the  main 
currents  of  education  which  have  existed  in  the  world  from  the  earliest 
times  to  the  present  day.  My  purpose  will  have  been  fully  answered 
if  I  succeed  in  rousing  your  interest  to  pursue  the  subject  farther  for 
yourselves. 

The  earliest  educatioii  is  that  of  the  family.  The  child  must  be 
trained  not  to  interfere  with  it«  parents'  convenience,  and  to  acquire 
those  little  arts  which  will  help  in  maintaining  the  economy  of  the 
household.  It  was  long  before  any  attempt  was  made  to  improve 
generations  as  they  succeeded  each  other.  The  earliest  schools  were 
those  of  the  priests.  As  soon  as  an  educated  priesthood  had  taken 
the  place  of  the  divines  and  jugglers  who  abused  the  credulity  of  the 
earliest  races,  schools  of  the  prophets  became  a  necessity.  The 
training  required  for  ceremonials,  the  common  life  apart  from  the 
family,  the  accomplishments  of  reading  and  singing,  afforded  a  nucleus 
for  the  organization  of  culture,  and  an  opportunity  for  the  efforts  of  a 
philosopher  in  advance  of  his  age.  Convenience  and  gratitude  con- 
firmed ^e  monopoly  of  the  clergy.  The  schools  of  Jud^  and  Egypt 
were  ecclesiastical.  The  first  had  but  little  effect  on  the  progress  of 
science,  but  our  obligations  to  the  priests  of  the  Nile  valley  are  great 
indeed.  Much  of  their  learning  is  obscure  to  us ;  but  we  have  reasoii 
to  conclude  that  there  is  no  branch  of  science  which  they  did  not 
attempt,  and  in  which  they  did  not  progress  at  least  so  ficur  as  observa- 
tion and  careful  registration  of  facts  could  carry  thenu  They  were  a 
source  of  enlightenment  to  surrounding  nations.  Not  only  the  great 
lawgiver  of  the  Jews,  but  those  who  were  most  active  in  stimulating  the 
nascent  energies  of  Hellas,  were  careful  to  train  themselves  in  the 
wisdom  of  the  Egyptians.     Greece,  in  giving  an  undying  name  to  the 
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literature  of  Alexandria,  was  only  repaying  the  debt  which  she  had 
incurred  centuries  before.     Education  became  secular  in  countries 
where  the  piiesthood  did  not  exist  as  a  separate  body.    At  Borne, 
until  Greece  took  the  conqueror  captiye,  a  child  was  trained  for  the 
duties  of  life  in  the  forum  and  the  senate  house.    The  Greeks  were 
the  first  to  deyelop  a  science  of  education  distinct  from  ecclesiastical 
training.     They  divided  their  subjects  of  study  into  music  and  gym- 
nastics, the  one  comprising  all  mental,  the  other  all  physical  training. 
Music  was  at  first  little  more  than  the  study  of  the  art  of  expression. 
But  the  range  of  intellectual  education  which  had  been  developed  by 
distinguished  musical  teachers  was  thus  further  widened  by  the 
Sophists,  until  it  received  a  new  stimulus  and  direction  from  the  life 
and  work  of  Socrates.    Who  can  forget  the  picture  left  us  by  Plato  of 
the  Athenian  palaastra  in  which  Socrates  was  sure  to  find  his  most 
ready  listeners  and  his  most  ardent  disciples  ?    In  the  intervals  of 
running,  wrestling,  or  the  bath,  the  young  Phaedrus  or  Thestetus 
discoursed  with  the  philosophers  who  had  come  to  watch  them,  on 
the  good,  the  beautiful,  and  the  true.    The  lowest  efforts  of  their 
teachers  were  to  train  them  to  maint>ain  any  view  which  they  might 
adopt,  with  acuteness,  eloquence,  readiness,  and  good  taste.     Their 
highest  efforts  were  to  stimulate  a  craving  for  the  knowledge  of  the 
unknowable,  to  raise  a  dissatisfiiction  with  received  opinions,  and  to 
excite  a  curiosity  which  grew  stronger  with  the  revelation  of  each 
successive  mystery.    Plato  is  the  author  of  the  first  systematic  treatise 
upon  education.     His  proposal  to  entrust  education  to  the  State,  has 
not  been  without  imitators  in  our  own  day.  If  we  are  ever  governed  by 
the  rules  of  the  positive  philosophy,  a  large  portion  of  the  best  intel- 
lect of  the  age  will  be  officially  dedicated  to  tiie  training  of  our  youth. 
Plato  lays  great  stress  on  the  influence  of  race  and  blood ;  strong  and 
worthy  children  are  likely  to  spring  from  steady  and  worthy  parents. 
Music  and  gymnastics  are  to  develop  the  emotions  of  tiie  young 
men  during  their  earliest  years,  the  one  to  strengthen  their  characters 
for  the  contest  of  life,  the  other  to  excite  in  them  varying  feeling  of 
resentment  or  tenderness.    Beverence,  the  ornament  of  youth,  is  to 
be  called  forth  by  well-chosen  fictions ;  a  long  and  rigid  training  in 
science  is  to  precede  discussion  on  more  mature  subjects.    At  length 
the  goal  is  reached,  and  the  ripest  wisdom  is  ready  to  be  applied  to 
the  most  important  practice.    The  precepts  of  the  Bepublic  existed 
in  theory  alone,  and  they  differ  in  some  respects  from  the  rules  which 
are  expressed  in  the  earlier  dialogues.    But  the  same  spirit  underlies 
his  whole  teaching.    He  never  forgets  that  the  beautiM  is  undistin- 
guishable  from  the  true,  that  the  mind  is  best  fitted  to  solve  difficult 
problems  which  has  been  trained  by  the  enthusiastic  contemplation 
of  art 

The  object  of  the  treatise  of  Quintilian  is  to  show  us  how  to 
form  that  much-abused  complex,  the  practical  man.  But  what  a  high 
conception  of  practice  is  his !  He  did  not  write  for  school-boards  or 
competitive  examinations,  but  for  a  race  of  rulers.    It  is  unfortunate 
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that  the  BomaiiB  understood  no  training  except  in  oratory.  In  their 
eyes  every  citizen  was  a  bom  commander,  and  they  knew  of  no  science 
of  govemment  and  political  economy.  Oicero  speaks  slightingly  even 
of  jnrisprudence.  Anyone,  he  says,  can  make  himself  a  jnrisconsnlt 
in  a  week,  bnt  an  orator  is  the  production  of  a  lifetime.  No  state- 
ment can  be  less  true  than  that  a  perfect  orator  is  a  perfect  man. 
But  wisdom  and  philanthropy  broke  even  through  that  barrier,  and 
the  training  which  Qnintilian  expounds  to  us  as  intended  only  for  tiie 
public  speaker,  would  in  the  language  of  Milton  fit  a  man  to  perform 
justly,  wisely,  and  magnanimously  all  the  offices,  both  puUic  and 
private,  of  peace  and  war. 

Such  are  the  ideas  which  the  old  world  has  left  us.  On  one 
side,  man  beautiful,  active,  clever,  receptive,  emotional,  quick  to 
feel,  to  show  his  feeling,  to  argue,  to  refine;  greedy  of  ihe  plea- 
sures of  the  world,  perhaps  a  little  neglectful  of  its  duties,  fearing 
restraint  as  an  unjust  stinting  of  the  beauty  of  nature,  inquiring 
e^geirlj  into  every  secret,  strongly  attached  to  the  things  of  this 
life,  but  elevated  by  an  unabated  striving  after  the  highest  ideal; 
setting  no  value  but  upon  faultless  abstractions,  and  seeing  reality 
only  in  heaven,  on  earth  mere  shadows,  phantoms,  and  copies  of  the 
unseen.  On  the  other  side,  man  practical,  energetic,  eloquent; 
tinged  but  not  imbued  with  philosophy,  trained  to  spare  neither 
himself  nor  others,  reading  and  thinking  only  with  an  apology,  best 
engaged  in  defending  a  poUtical  principle,  in  maintaining  with  gravity 
and  solemnity  the  conservation  of  ancient  fireedom,  in  leading  armies 
through  unexplored  deserts,  establishing  roads,  fortresses,  setUements, 
tiie  results  of  conquest,  or  in  ordering  and  superintending  the  slow, 
certain,  and  utter  annihilation  of  some  enemy  of  Bome.  Has  the 
Christian  world  ever  surpassed  these  types  ?  Can  we  produce  anything 
by  education  in  modem  times,  except  by  combining,  blending,  or  modi- 
fying the  self-culture  of  the  Greek  or  tibe  selfHsncnfice  of  the  Boman? 

The  education  of  the  middle  ages  was  either  that  of  the  cloister 
or  the  castle.  They  stood  in  shu*p  contrast  to  each  other.  The 
object  of  one  was  to  form  the  young  monk,  of  the  other  the  young 
knight.  We  should  indeed  be  ungrateful  if  we  forgot  the  services  of 
those  illustrious  monasteries,  Monte  Cassino,  FuLda,  or  Tours,  which 
kept  alive  the  path  of  learning  throughout  the  dark  ages,  but  it  would 
be  equally  mistaken  to  attach  an  exaggerated  value  to  the  education 
of  that  age.  Long  hours  were  spent  in  the  duties  of  the  church,  and 
in  learning  to  take  a  part  in  elaborate  and  useless  ceremonies.  A 
most  important  department  of  the  monastery  was  the  writing-room, 
where  missals,  psalters,  and  breviaries  were  copied  and  illuminated, 
and  too  often  a  masterpiece  of  classical  literature  was  e&oed  to  make 
room  for  a  treatise  of  one  of  the  fathers  or  the  Lenten  sermons  of  an 
abbot.  The  discipline  was  harsh  ;  the  rod  ruled  all  with  indiscrimi- 
nating  and  impartial  severity.  How  many  generations  have  had  to 
suffer  for  the  floggings  of  those  times  I  Hatred  of  learning,  antago- 
nism between  the  teacher  and  the  teught,  the  belief  that  no  training 
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oonld  be  effectual  which  is  not  repnlsiye  and  distastefdl,  that  no 
subject  is  proper  for  instruction  which  is  acquired  with  ease  and 
pleasure, — all  these  idols  of  false  education  haye  their  root  and  origin 
in  monkish  cruelty.  The  joy  of  human  life  would  haye  been  in 
danger  of  being  stamped  out  if  it  had  not  been  for  the  warmth  and 
colour  of  a  young  knight's  boyhood.  He  was  equally  well  broken  in 
to  obedience  and  hardship,  but  the  obedience  was  the  willing  service 
to  a  mistress  whom  he  loved,  and  the  hardship  the  permission  to  share 
the  dangers  of  a  leader  whom  he  emulated.  The  seven  arts  of  monkish 
and  scholastic  training  were  grammar,  dialectic,  rhetoric,  music,  arith- 
metic, geometry,  astronomy,  which  together  formed  the  Trivium  and 
Quadrivium^  the  seven  years'  course  which  so  profoundly  affected  our 
modem  education.  The  seven  knightly  accomplishments  were  to 
ride,  to  swim,  to  shoot  with  the  bow,  to  box,  to  hawk,  to  play  chess, 
and  to  make  verses.  The  verses  thus  made  were  not  in  Latin — 
bald  imitations  of  Ovid  or  Horace,  whose  pagan  beauties  were 
wrested  into  the  service  of  religion — but  sonnets,  ballads,  and  can- 
zonets in  soft  Proven9al  or  melodious  Italian.  In  nothing,  perhaps, 
is  the  difference  between  these  two  forms  of  education  more  clearly 
shown  than  in  their  relations  to  the  sex  who  must  always  be  the 
instructors  of  our  childhood,  and  who  seem  likely  to  have  an  in- 
creasingly greater  influence  in  raising  the  standard  of  education  in 
future  ages.  A  young  monk  was  brought  up  to  regard  a  woman  as 
the  worst  among  the  many  temptations  of  St.  Antony.  The  page  was 
trained  to  receive  his  best  reward  and  worst  punishment  from  the 
smile  or  frown  of  the  lady  of  the  castle,  and  as  he  grew  to  manhood 
to  regard  an  absorbing  passion  as  the  strongest  stimulus  to  a  noble 
life,  and  the  contemplation  of  female  virtue  as  embodied  in  an  Isolde 
or  a  Beatrice  as  the  truest  earnest  of  future  immortality. 

Both  these  forms  of  education  disappeared  before  tibe  Benaissance 
and  the  Beformation.  But  we  must  not  suppose  that  no  efforts  were 
made  to  improve  upon  the  narrowness  of  the  schoolmen  or  the  idleness 
of  chivalry.  Perhaps  the  most  distinguished  place  among  these  pre- 
cursors of  a  higher  culture  belongs  to  the  Brethren  of  ihe  Common 
Life,  who  were  domiciled  in  the  rich  meadows  of  the  Tssel,  in  the 
Northern  Netherlands.  The  metropolis  of  their  organization  was 
Deventer,  the  best-known  name  among  them  that  of  Gerhard  Oroote. 
They  devoted  themselves  with  all  humility  and  self-sacrifice  to  the 
education  of  children.  Their  schools  were  crowded.  Bois-le-duo 
numbered  120  pupils,  Zwolle  1500.  For  a  hundred  years  no  part  of 
Europe  shone  with  a  brighter  lustre.  As  the  Divine  Comedy  repre- 
sents for  us  the  learning  and  piety  of  the  middle  ages  in  Italy,  so  the 
Imitation  of  Thomas-ii-Eempis  keeps  alive  for  us  fiie  memory  of  the 
purity  and  sweetness  of  the  Dutch  community.  They  could  not 
support  the  glare  of  the  new  Italian  learning;  they  obtained,  and 
I  am  afraid  deserved,  the  title  of  obscurantists;  and  the  wittiest 
squib  of  the  middle  ages,  which  was  so  true  and  subtle  in  its  satire 
that  it  was  hailed  as  a  blow  struck  in  defence  of  the  ancient  learn- 
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ing,  consists  of  the  lamentations  of  the  brothers  of  Deyenter  over 
the  new  age  which  they  conld  not  either  comprehend  or  withstand. 

The  education  of  the  Benaissance  is  best  represented  by  the 
name  of  Erasmus,  that  of  the  Beformation  by  the  names  of  Luther 
and  Melanchthon.  Erasmus  has  left  us  the  most  minute  account 
of  his  method  of  teaching.  The  child  is  to  be  formed  into  a  good 
Greek  and  Latin  scholar,  and  a  pious  man.  But  he  fully  grasps 
the  truth  that  improvement  must  be  natural  and  gradual.  Letters 
are  to  be  taught  playing.  The  rules  of  grammar  are  to  be  few 
and  short.  Every  means  of  arousing  interest  in  the  matter  of  the 
books  is  to  be  fully  employed.  Erasmus  is  no  Ciceronian.  Latin 
is  to  be  taught  so  as  to  be  of  use,  a  living  language  adapted  to 
modem  wants.  Children  should  learn  an  art — painting,  sculpture,  or 
architecture.  Idleness  is,  above  all  things,  to  be  avoided.  The  educa- 
tion of  girls  is  as  necessary  and  important  as  that  of  boys.  Much 
depends  upon  home  influence.  Obedience  must  be  strict,  but  not  too 
severe.  We  must  take  account  of  individual  peculiarities,  and  not 
force  children  into  cloisters  against  their  will ;  we  shall  obtain  the 
best  result  by  following  nature.  It  is  easy  to  see  what  a  contrast 
this  scheme  presented  to  the  monkish  training,  to  the  routine  of 
useless  technicalities  enforced  amidst  the  shouts  of  teachers  and  the 
lamentations  of  the  taught. 

Still  this  culture  was  but  for  the  few.  Luther  brought  the  school- 
master into  the  cottage,  and  laid  the  foundations  of  the  system  which 
is  the  chief  honour  and  strength  of  modem  Germany — a  system  by 
which  the  child  of  the  humblest  peasant  may  obtain  by  slow  but 
certain  gradations  the  best  education  which  the  country  can  afford. 
The  precepts  of  Luther  found  a  way  to  the  hearts  of  his  country- 
men in  short  pithy  sentences,  like  the  sayings  of  poor  Bichaid. 
Melanchthon,  from  his  editions  of  school-books  and  his  practical 
labours  in  education,  earned  the  title  of  Prsdoeptor  Germani».  Aris- 
totle had  been  dethroned  from  his  pre-eminence  in  the  schools,  and 
Melanchthon  attempted  to  supply  his  place.  He  appreciated  the  im- 
portance of  Greek,  the  terror  of  the  obscurantists ;  he  wrote  books  on 
each  department  of  the  TrvoiuMj  grammar,  dialectic,  and  rhetoric ;  he 
even  attempted  to  deal  with  the  Quadrivium^  and  wrote  a  primer  of 
physical  science.  The  schools  of  the  Beformation  seldom  included 
in  their  curricula  more  than  the  studies  of  the  three  years'  course. 
In  nothing  is  the  historical  method  of  inquiry  more  fruitful  than  in 
education,  if  we  wish  to  ascertain  the  real  reasons  for  our  existing 
arrangements.  We  often  attempt  to  defend  our  existing  institutions 
by  philosophical  arguments  as  the  results  of  conscious  wisdom.  We 
do  not  care  to  ascertain  that  mathematics  hold  a  subordinate  place  in 
our  great  schools  because  they  were  not  studied  in  the  dark  ages,  and 
because  Aristotle  did  not  write  a  treatise  upon  them. 

We  now  come  to  the  names  of  two  theoretical  and  practical 
teachers  who  have  exercised,  and  are  still  exercising,  a  profound 
effect  over  education.    John  8turm,  of  Strassburg,  was  the  friend  of 
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Asohain,  the  author  of  the  '  Scholemaster,'  and  the  tutor  of  Queen 
Elizabeth.  It  was  Ascham  who  found  Lady  Jane  Orey  alone  in  the 
library  at  Bradgate  bending  her  neck  over  the  page  of  Plato  when  all 
the  rest  of  the  oompany  were  following  the  chase.  Sturm  was  iho 
first  great  head-master,  the  progenitor  of  Busbys,  if  not  of  Arnolds. 
He  lived  and  worked  till  the  age  of  eighty-two.  He  was  a  friend  of 
all  the  most  distinguished  men  of  the  age,  the  chosen  representative 
of  the  Protestant  cause  in  Europe,  the  ambassador  to  foreign  powers. 
He  was  believed  to  be  better  informed  than  any  man  of  his  time  of 
the  complications  of  foreign  politics.  Rarely  did  an  envoy  pass  from 
France  to  Qermany  without  turning  aside  to  profit  by  his  experience. 
But  the  chief  energies  of  his  life  were  devoted  to  teaching.  He  drew 
his  scholars  from  Uie  whole  of  Europe.  Portugal,  Poland,  England, 
sent  their  contingent  to  his  halls.  In  1578  his  school  numbered 
several  thousand  students ;  he  supplied  at  once  the  place  of  the 
cloister  and  the  castle.  What  he  most  insisted  upon  was  the  teaching 
of  Latin,  not  the  conversational  "  lingua  franca"  of  Erasmus,  but  pure, 
elegant  Ciceronian  Latinity.  He  may  be  called  the  introducer  of 
"  scholarship "  into  the  schools,  a  scholarship  which  as  yet  took  no 
account  of  Greek.  His  pupils  would  write  elegant  letters,  deliver 
elegant  Latin  speeches,  be  familiar,  if  not  with  the  thoughts,  at  least 
with  the  language  of  the  ancients,  would  be  scholars  in  order  that 
they  might  be  genUemen.  This  is  not  the  occasion  to  trace  the 
course  of  his  influence,  but  he  is  as  much  answerable  as  anyone  for 
the  euphuistic  refinements  which  overspread  Europe  in  the  sixteenth 
century,  and  which  went  far  to  ruin  and  corrupt  its  literatures. 
Nowhere,  perhaps,  had  he  more  effect  than  in  England ;  our  older 
public  schools,  on  breaking  with  the  ancient  faith,  looked  to  Sturm 
as  their  model  of  Protestant  education;  and  that  which  was  most 
characteristic  in  his  methods  remained  essentially  unchanged  in  them 
till  within  the  memory  of  the  present  generation. 

John  Amos  Oomenius  was  the  antithesis  to  Sturm.  Bom  a  poor 
Moravian,  he  passed  a  wandering  life  in  poverty  and  obscurity,  but  his 
ideas  were  accepted  by  the  most  advanced  thinkers  of  his  age,  notably 
by  our  own  Milton ;  his  school-books  were  spread  throughout  Europe ; 
his  works  are  constantly  reprinted  at  the  present  day,  and  the  system 
which  he  sketched  will  be  found  to  foreshadow  the  education  of  the 
future.  He  was  repelled  and  disgusted  by  the  long  delays  and  pedan- 
tries of  the  schools.  His  ardent  mind  conceived  that  if  teachers 
would  but  follow  nature,  assist  the  mind  in  its  natural  development 
instead  of  forcing  it  against  its  bent,  take  full  advantage  of  the  innate 
desire  for  activity  and  growth,  all  men  might  be  able  to  learn  all  things. 
Languages  should  be  taught,  as  the  mother  tongue  is  taught,  by  con- 
versations on  ordinary  topics ;  pictures,  object  lessons,  shoiiLd  be  freely 
used;  teaching  should  never  be  unpleasant  to  the  pupil;  improve- 
ment should  go  hand  in  hand  with  a  checrfal,  elegant,  and  happy  life. 
Comenius  included  in  his  course  the  teaching  of  the  mother  tongue, 
singing,  economy,  and  politics,  the  history  of  the  world,  physical 
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geography,  and  a  knowledge  of  arts  and  handicrafts.  Thns  he  was 
one  of  the  first  advocates  of  the  teaching  of  science  in  schools.  His 
kindness,  gentleness,  and  sympathy  made  him  the  foreronner  of  Pesta- 
lozzL  His  general  principles  of  edncation  would  not  sound  strange 
in  the  treatise  of  Herbert  Spenoer. 

The  Protestant  schools  were  now  the  best  in  Europe,  and  the 
monkish  institutions  were  left  to  the  rats  which  tenanted  them. 
Oatholics  would  haye  remained  behind  in  the  race  if  it  had  not  been 
for  the  Jesuits.  Ignatius  Loyola  gave  this  direction  to  the  order  which 
he  founded,  and  his  programme  is  in  use,  with  certain  modifications,  in 
English  Jesuit  schools  at  the  present  day.  In  1550  the  first  Jesuit 
school  was  opened  in  Germany ;  in  1700  the  order  possessed  612  col- 
leges, 157  normal  schools,  59  noviciates,  340  residences,  200  missions, 
29  professed  houses,  and  24  universities.  The  college  of  Clermont 
had  3000  students  in  1695.  It  would  be  unfair  to  deny  the  suooees 
of  the  education  of  the  Jesuits.  They  were  probably  the  first  to  bring 
the  teacher  into  close  connection  with  the  taught.  Acoordiug  to  their 
ideal,  the  teacher  was  neither  enclosed  in  a  cloister  secluded  from  his 
pupils,  nor  did  he  keep  order  by  stamping,  raving,  and  flogging.  He 
was  encouraged  to  apply  his  mind  and  soul  to  the  mind  and  soul  of 
his  pupil,  to  study  the  nature,  the  disposition,  and  the  parents  of  his 
scholars,  to  follow  nature  as  far  as  possible,  or  rather  to  lie  in  wait 
for  it,  and  discover  its  weak  points,  and  where  it  could  be  most  easily 
attacked.  Doubtless  the  Jesuits  have  shown  a  love,  devotion,  and 
self-sacrifice  in  education  which  is  worthy  of  the  highest  praise ;  no 
teacher  who  would  compete  with  them  can  dare  do  less.  On  the  other 
hand,  they  are  open  to  grave  accusation ;  their  watchful  care  dege- 
nerated into  surveillance,  which  lay  schools  have  borrowed  from 
them ;  their  study  of  nature  has  led  them  to  confession  and  direction. 
They  have  tracked  out  the  soul  to  its  recesses  that  they  might  slay  it 
there  and  plant  another  in  its  place ;  they  educated  each  mind  accord- 
ing to  its  powers,  that  it  might  be  a  more  subservient  tool  to  their 
own  purposes.  They  taught  the  accomplishments  which  the  world 
loves,  but  their  chief  object  was  to  amuse  the  mind  and  stifle  inquiry; 
they  encouraged  Latin  verses  because  they  were  a  convenient  play- 
thing, on  which  powers  might  be  exercised  which  could  better  have 
been  employed  in  understanding  and  discussing  higher  subjects ;  they 
were  the  patrons  of  school-plays,  of  public  prizes,  declamations,  exami- 
nations, and  other  exhibitions  in  which  the  parents  were  more  consi- 
dered than  the  boys ;  they  regarded  the  claims  of  education  not  as  a 
desire  to  be  encouraged,  but  as  a  demand  to  be  played  with  and 
propitiated ;  they  gave  the  best  education  of  their  time  in  order  to 
acquire  confidence,  but  they  became  the  chief  obstacle  to  the  improve- 
ment of  education ;  they  did  not  care  for  enlightenment,  but  only  for 
the  influence  which  they  could  derive  from  a  supposed  regard  for  en- 
lightenment. Governments  have  done  well  on  the  whole  in  check- 
ing and  suppressing  the  Oolleges  of  Jesuits.  They  are  not  so  much 
to  be  feared  now-a-days;  their  plan  of  education  is  antiquat^  and 
difficult  to  alter.    Till  1820  they  taught  philosophy  out  of  Aristotle 
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and  Thomas  Aquinas;  even  now  diey  disoonrage  the  use  of  the 
yemaoular. 

It  may  be  imagined  that  by  this  organization  both  Oatholic  and 
Protestant  were  apt  to  degenerate  into  pedantry  both  in  name  and 
purpose.  The  schoolmaster  had  a  great  deal  too  mnch  the  best 
of  it.  The  Latin  school  was  tabulated  and  organized  until  eyery  half- 
hour  of  a  boy's  time  was  occupied ;  the  Jesuit  school  took  possession  of 
the  pupil,  body  and  soul.  It  was  therefore  to  be  expected  that  a  stand 
should  be  made  for  common  sense  in  the  direction  of  practice  instead 
of  theory,  of  wisdom  instead  of  learning.  Montaigne  has  left  us  the 
most  deUghtful  utterances  about  education.  He  says  that  the  faults 
of  modem  education  lie  in  over-estimating  the  intellect  and  rejecting 
morality,  in  exaggerating  memory  and  depredating  useful  knowledge. 
He  recommends  a  tutor  who  is  to  draw  out  the  pupil's  own  power 
and  originality,  to  teach  how  to  live  well  and  to  die  well,  to  enforce 
a  lesson  by  practice,  to  put  the  mother  tongue  before  foreign  tongues, 
to  teach  edl  manly  exercises,  to  educate  the  perfect  man.  Away  with 
force  and  compulsion,  with  seyerity  and  the  rod  I 

John  Locke,  more  than  a  hundred  years  afterwards,  made  a  more 
powerful  and  systematic  attack  upon  useless  knowledge.  His  theory 
of  the  origin  of  ideas  led  him  to  assign  great  importance  to  education, 
while  his  knowledge  of  the  operations  of  the  mind  lends  a  special 
yalue  to  his  adyice.  His  treatise  is  so  well  known  that  I  need  say 
little  about  it.  Part  of  his  adyice  is  useless  now,  part  it  would  be 
well  to  accept,  especially  his  condemnation  of  repetition  by  heart  and 
Latin  themes  and  yerses.  He  also  sets  before  himself  tho  production 
of  the  man~a  sound  mind  in  a  sound  body.  His  knowledge  of 
medicine  giyes  great  yalue  to  his  advice  on  the  earliest  education. 
He  recommends  home  education  without  harshness  or  seyerity. 
Emulation  is  to  be  the  chief  spring  of  action.  He  considers  know- 
ledge far  less  valuable  than  a  well-trained  mind.  He  prizes  that 
knowledge  most  which  fits  a  man  for  the  duties  of  the  world — speaking 
languages,  accounts,  history,  law,  logic,  rhetoric,  natural  philosophy. 
He  inculcates  the  importance  of  drawing,  music,  dancing,  riding, 
fencing,  and  trades.  He  is  a  strong  advocate  for  home  education 
under  a  private  tutor,  and  his  bitterness  against  public  schools  is  as 
violent  as  that  of  Oowper. 

Far  more  important  in  my  opinion  than  the  treatise  of  Locke  is 
the  '  Tractate  of  Education '  by  Milton,  "  the  few  observations,"  as 
he  tells  us,  ^  which  have  flowerod  off,  and  are  as  it  were  the  burnish- 
ing of  many  studious  and  contemplative  years  spent  in  the  search  of 
religious  and  civil  knowledge."  *'  I  will  point  ye  out,"  he  says,  *'  the 
ri^t  path  of  a  virtuous  and  noble  education,  laborious  indeed  at  first 
ascent,  but  else  so  smooth  and  green  and  full  of  godly  prospect  and 
melodious  sounds  on  every  side  that  the  harp  of  (>pheus  is  not  more 
charming."  This  is  to  be  done  between  twelve  and  one-and-twenty, 
in  an  academy  containing  about  a  hundred  and  thirty  scholars,  which 
shall  be  at  once  school  and  university,  "^  not  needing  a  remove  to  any 
other  house  of  scholarship,  except  it  be  some  peculiar  college  of  law 
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and  physics  where  they  mean  to  be  practitioners."  The  learning  of 
things  and  words  is  to  go  hand  in  hand.  The  curricnlum  is  very 
large.  Latin,  Greek,  arithmetic,  geometry,  agriculture,  geography, 
physiology,  physics,  trigonometry,  fortification,  architecture,  engi- 
neering, navigation,  anatomy,  medicine,  poetry,  ethics,  Italian,  law, 
both  ]l^man  and  English,  Hebrew  with  Chaldee  and  Syriac,  history, 
oratory,  poetics.  But  the  scholars  are  not  to  be  bookwomia  They  are 
to  be  trained  for  war  both  on  foot  and  on  horseback,  to  be  "  practised  in 
all  the  looks  and  gripes  of  wrastling,"  they  are  to  "  recreate  and  com- 
pare their  travailed  spirits  with  the  divine  harmonies  of  music  heard  or 
learnt."  *'  In  those  vernal  seasons  of  the  year,  when  the  air  is  calm  and 
pleasant,  it  were  an  iiijury  and  a  sullenness  against  nature  not  to  go 
out  and  see  her  riches,  and  partake  in  her  rejoicing  with  heaven  and 
earth.  I  should  not  then  be  a  persuader  to-ihem  of  studying  much 
then  after  two  or  three  years  that  they  have  well  laid  their  grounds, 
but  to  ride  out  in  companies  with  prudent  and  staid  guides  to  all  the 
quarters  of  the  land."  There  is  more  wisdom  in  these  few  pages  about 
education  than  in  any  other  treatise  of  similar  length  upon  the  subject 
with  which  I  am  acquainted.  Visionary  as  it  appears  at  first  sight,  if 
translated  into  the  language  of  our  day,  it  will  be  found  to  be  full  of 
sound,  practical  advice.  '*  Only,"  as  Milton  says  in  conclusion,  '*  I  believe 
that  this  is  not  a  bow  for  every  man  to  shoot  in  who  counts  himself 
a  teacher,  but  will  require  sinews  almost  equal  to  those  which  Homer 
gave  Ulysses ;  yet  I  am  persuaded  that  it  may  prove  much  more  easy 
in  the  essay  than  it  now  seems  at  a  distance,  and  much  more  illus- 
trious if  God  have  so  decided,  and  this  age  have  spirit  and  capacity 
enough  to  apprehend." 

While  Milton  was  writing  he  might  have  seen  an  attempt  to 
realize  his  ideal  in  Port  BoyaL  What  a  charm  does  this  name 
awaken  t  Tet  how  few  of  us  have  made  a  pilgrimage  to  that  secluded 
valley.  Here  we  find  for  the  first  time  in  the  modem  world  the 
highest  gifts  of  the  greatest  men  of  a  country  applied  to  the  promotion 
of  education.  Amauld,  Lancelot,  Nicole,  Hamon  did  not  commence 
by  being  educational  philosophers ;  they  began  with  a  smaU  school, 
and  developed  their  method  as  they  proceeded.  Their  success  has 
seldom  been  surpassed.  But  a  more  lasting  memorial  than  their 
pupils  are  the  books  which  they  sent  out,  and  which  bear  the  name  of 
their  cloister.  The  Port-Boyal  Logic,  Goneral  Granunar,  (Sroek, 
Latin,  Italian,  and  Spanish  Grammars,  the  Garden  of  Greek  Boots 
put  into  French  verse,  which  taught  Greek  to  Gibbon,  the  Port-Boyal 
Geometry,  and  the  translations  of  the  classics,  held  the  first  place 
among  school-books  for  more  than  a  century.  The  success  of  the 
Jansenists  was  too  much  for  the  jealousy  of  the  Jesuits.  Neither 
piety,  nor  wit,  nor  virtue  could  save  them.  A  light  was  quenched 
which  would  have  given  an  entirely  different  direction  to  the  edu- 
cation of  France  and  of  Europe.  No  one  can  visit  without  emotion 
that  retired  nook  which  lies  hidden  among  the  forests  of  Versailles, 
where  the  old  brick  dove-cot,  the  pillars  of  the  church,  the  trees  of 
the  desert  alone  remain  to  speak  to  us  of  Pascal,  Bacine,  and  the 
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M^re  Angeliqne.  The  principles  of  Port  Boyal  found  worse  sup- 
porters in  a  later  time  in  the  better  days  of  French  education  before 
monarchism  and  militarism  had  sucked  the  life  out  of  the  nation. 
Rollin  is  neyer  mentioned  without  the  epithet  hon,  a  testimony 
to  his  wisdom,  yirtue,  and  simplicity.  F6nelon  may  be  reckoned  as 
belonging  to  the  same  school,  but  he  was  more  fitted  to  mix  and 
grapple  with  mankind.  We  must  pass  rapidly  over  succeeding  years 
until  we  come  to  the  book  which  has  had  more  influence  than  any 
other  on  the  education  of  the  last  century. 

The  '  Emile '  of  Rousseau  was  published  in  1762,  just  a  hundred 
years  before  the  appointment  of  the  first  Public  Schools  Commission. 
It  produced  an  astounding  effect  throughout  Europe.  Those  were 
days  when  the  whole  cultivated  world  vibrated  to  any  touch  of  new 
philosophy.  French  had  superseded  Latin  as  the  general  medium  of 
thought.  French  learning  stood  in  the  same  relation  to  the  rest  of 
Europe  as  GU)rman  learning  does  now,  and  any  discovery  of  D'Alem- 
bert,  Rousseau,  or  Maupertuis  travelled  with  inconceivable  speed  from 
Versailles  to  Sch5nbrunn,  from  the  Spree  to  the  Neva.  Kant,  in  his 
distant  home  of  Ednigsberg,  for  one  day  broke  through  his  habits, 
more  regular  than  the  town  clock,  and  stayed  at  home  to  study  the 
new  revelation.  Those  were  happy  days  for  philosophers  and  philan- 
thropists ;  the  enthusiasm  of  discovery  and  hope  had  not  been  checked 
by  the  disappointments  of  experience.  The  light  of  reason  had  not  been 
quenched  in  blood.  The  burthen  of  Rousseau's  message  was  nature, 
such  a  nature  as  never  did  and  never  will  exist,  but  still  a  name  for  an 
ideal  worthy  of  our  struggles.  He  revolted  against  the  false  civiliza- 
tion which  he  saw  around  him ;  he  was  penetrated  with  sorrow  at  the 
shams  of  government  and  society,  at  the  misery  of  the  poor  existing 
side  by  side  with  the  heartlessness  of  the  rich.  The  child  should 
be  the  pupil  of  nature:  he  lays  the  greatest  stress  on  the  earliest 
education ;  the  first  year  of  life  is  in  every  respect  the  most  im- 
portant. Nature  must  be  closely  followed.  The  child's  tears  are 
petitions  which  should  be  granted.  The  naughtiness  of  children 
comes  from  weakness;  make  the  child  strong  and  he  will  be  good. 
Children's  destructiveness  is  a  form  of  activity.  Do  not  be  too 
anxious  to  make  children  talk ;  be  satisfied  with  a  small  vocabulary. 
Lay  aside  all  padded  caps  and  baby  jumpers.  Let  children  learn  to 
walk,  by  learning  that  it  hurts  them  to  fall.  Do  not  insist  so  much 
on  the  duty  of  obedience  as  on  the  necessity  of  submission  to  natural 
laws.  Do  not  argue  too  much  with  children ;  educate  the  heart  to 
wish  for  right  actions;  before  all  things  study  nature.  The  chief 
moral  principle  is,  do  no  one  harm.  Emile  is  to  be  taught  by  the  real 
things  of  life,  by  observation  and  experience.  At  twelve  years  old 
he  is  scarcely  to  know  what  a  book  is ;  to  be  able  to  read  and  write 
at  fifteen  is  quite  enough.  We  must  first  make  him  a  man,  and  that 
chiefly  by  atiiletic  exercises.  Educate  his  sight  to  measure,  count, 
and  weigh  accurately ;  teach  him  to  draw ;  tune  his  ear  to  time  and 
harmony ;  give  him  simple  food,  but  let  him  eat  as  much  as  he  likes. 
Thus  at  twelve  years  old  Emile  is  a  real  child  of  nature.    His 
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carnage  and  bearing  are  firm  and  confident,  his  nainre  open  and 
candid,  his  speech  simple  and  to  the  point ;  his  ideas  are  few,  bat 
dear ;  he  knows  nothing  by  learning,  much  by  experience.  He  has 
read  deeply  in  the  book  of  natnre.  His  mind  is  not  on  his  tongue, 
bnt  in  hu  head.  He  speaks  only  one  language,  bnt  knows  whftt  he 
is  saying,  and  can  do  what  he  cannot  describe.  Bontine  and  custom 
are  unknown  to  him ;  authority  and  example  affect  him  not ;  he  does 
what  he  thinks  right.  He  understands  nothing  of  duty  and  obedience, 
but  he  will  do  what  you  ask  him,  and  will  expect  a  similar  service 
from  you.  His  strength  and  body  are  fully  deyeloped ;  he  is  fiist- 
rate  at  running,  jumping,  and  judging  distances.  Should  he  die  at 
this  age,  he  will  so  fiir  have  Uved  hu  life.  From  twelve  to  fifteen 
Emile's  practical  education  is  to  continue.  He  is  still  to  ayoid  books, 
which  teach  not  learning  itself  but  to  appear  learned.  He  is  to  be 
taught  and  to  practise  some  handicraft.  Half  the  value  of  education 
is  to  waste  time  wisely,  to  tide  oyer  dangerous  years  with  safety, 
until  the  character  is  better  able  to  stand  temptation.  At  fifteen  a 
new  epoch  commences.  The  passions  are  awakened.  The  care  of 
the  teacher  should  now  redouble ;  he  should  neyer  leave  the  hehn. 
Emile,  having  gradually  acquired  the  love  of  himself  and  of  those 
immediately  about  him,  will  begin  to  love  his  kind.  Now  is  the 
time  to  teach  him  history  and  the  machinery  of  society ;  the  world  as 
it  is  and  as  it  might  be.  Still  an  encumbrance  of  useless  and  burden- 
some knowledge  is  to  be  avoided.  Between  this  age  and  manhood 
Emile  learns  fdl  that  it  is  necessary  for  him  to  know. 

It  is  perhaps  strange  that  a  book  in  many  respects  so  wild  and 
fantastic  should  have  produced  so  great  a  practical  effect  In  pur- 
suance of  its  precepts  children  went  about  naked,  were  not  suffared  to 
read,  and  when  they  grew  up  wore  the  simplest  dothes,  and  cared 
for  little  learning  except  the  study  of  nature  and  Plutarch.  The 
catastrophe  of  the  French  Bevolution  has  made  the  effact  of  '  Emile' 
less  apparent  to  us.  Much  of  the  heroism  of  that  time  is  doubtless 
due  to  the  exaltation  produced  by  a  sweeping  away  of  abuses  and  the 
approach  of  a  brighter  age.  But  we  must  not  forget  that  the  first 
generation  of  Emiles  was  just  thirty  years  old  in  1792,  that  many  of 
the  Girondists,  the  Marseillais,  the  soldiers  and  generals  of  Oamot 
and  Napoleon  had  been  bred  in  that  hardy  school.  There  is  no  more 
interesting  chapter  in  the  history  of  education  than  to  trace  back 
epochs  of  special  activity  to  the  ol^cure  source  from  which  they  arose. 
Thus  the  Whigs  of  the  Reform  Bill  sprang  from  the  wits  of  Edin- 
burgh, the  heroes  of  the  Bebellion  from  the  divines  who  translated  the 
Bible,  the  martyrs  of  the  Bevolution  from  the  philosophers  of  the 
Encyclopsddia. 

The  teaching  of  Bousseau  found  its  practical  expression  in  the 
philanihropin  of  Dessau,  a  school  founded  by  Basedow,  the  friend  of 
Gfoethe  and  Lavater,  one  of  the  prophets  between  whom  the  world-child 
sat  bodkin.  The  principles  of  the  teaching  were  very  much  those  of 
Comenius,  the  combination  of  words  and  things.  An  amusing  account 
of  the  instruction  given  in  this  school,  which  at  the  time  consisted  of 
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only  thirteen  pupils,  has  oome  down  to  ns.  I  am  indebted  for  the 
translation  to  the  excellent  work  of  Mr.  Quick  on  Educational  Be- 
formers.  The  little  ones  have  gone  through  the  oddest  performances. 
They  play  at  "word  of  command."  Eight  or  ten  stand  in  a 
line  like  soldiers,  and  Herr  Wolke  is  officer.  He  gives  the  word 
in  Latin,  and  they  must  do  whatever  he  says.  For  instance,  when 
he  says  Claudite  oculos,  theiy  all  shut  their  eyes;  when  he  says 
Circumspicite,  they  look  about  them;  Imitamini  sartorem,  they 
all  sew  like  tailors;  Imitamini  sutorem,  they  draw  the  waxed 
thread  like  cobblers.  Herr  Wolke  gives  a  thousand  different 
commands  in  the  drollest  fashion.  Another  game,  "the  hiding 
game,"  I  will  also  teach  you.  Some  one  writes  a  name,  and  hides 
it  from  the  children ;  the  name  of  some  part  of  the  body,  or  of  a 
plant,  or  animal,  or  metal,  and  the  children  guess  what  it  is.  Who- 
ever guesses  right,  gets  an  apple  or  a  piece  of  cake.  One  of  the 
visitors  wrote  latestina,  and  told  the  children  it  was  a  part  of  the 
body.  Then  the  guessing  began :  one  guessed  caput,  another  nasus, 
another  os,  another  manns,  pes,  digiti,  pectus,  and  so  forth,  for  a  long 
time ;  but  one  of  them  hits  it  at  last.  Next  Herr  Wolke  wrote  the  name 
of  a  beast,  a  quadruped.  Then  came  the  guesses :  leo,  ursus,  camelus, 
elephas,  and  so  on,  till  one  guessed  right — it  was  mus.  Then  a  town 
was  written,  and  they  guessed  Lisbon,  Madrid,  Pans,  London,  till  a 
child  was  with  St.  Petersburg.  They  had  another  game,  which  was 
this.  Herr  Wolke  gave  the  command  in  Latin,  and  they  imitated  the 
noises  of  different  animals,  and  made  us  laugh  till  we  were  tired. 
They  roared  like  lions,  crowed  like  cocks,  mewed  like  cats,  just  as 
they  were  bid.  Tet  Efuit  found  a  great  deal  to  praise  in  this  school, 
and  spoke  of  its  influence  as  one  of  the  best  hopes  of  the  future,  and 
as  "  the  only  school  where  the  teachers  had  liberty  to  work  according 
to  their  own  methods  and  schemes,  and  where  they  were  in  free  com- 
munication both  among  themselves  and  with  all  learned  men  throughout 
Germany." 

The  work  of  Rousseau  is  the  point  of  departure  for  an  awakened 
interest  in  educational  theories  which  has  continued  unto  the  present 
day.  Few  thinkers  of  eminence  during  the  latter  part  of  the  last  and 
the  beginning  of  the  present  century  have  not  written  more  or  leas 
directly  on  tibis  subject.  Poets,  like  Bichter,  Herder,  and  Goethe; 
philosophers,  such  as  Eant,  Fichte,  Hegel,  Schleiermacher,  and  even 
Schopenhauer ;  psychologists,  such  as  Herbart  and  Beneke,  have  left 
directions  for  our  guidance.  Jean  Paul  called  his  book  Levana,  after 
the  Boman  goddess  to  whom  the  father  dedicated  his  new-bom  child, 
in  token  that  he  intended  to  rear  it  to  manhood.  The  second  part  of 
Wilhelm  Meister  is  in  the  main  a  treatise  upon  education.  Many  of 
those  whom  I  address  must  remember  the  mysteries  of  the  paadagogic 
province,  the  solemn  gestures  of  the  thi^  reverences,  the  long 
cloisters  which  contain  the  history  of  God's  dealings  with  the  human 
race,  a  mine  of  wisdom  for  schoolmasters,  unexhausted,  and  I  fear, 
alas!  unworked.  Perhaps  the  more  characteristic  passage  is  that 
which  describes  the  father's  return  to  the  country  of  educaticm  alter 
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a  year's  absence.  As  he  is  riding  alone,  wondering  in  what  guise 
he  will  meet  his  son,  a  multitude  of  horses  rush  by  at  full  gallop. 
The  monstrous  hurly-burly  whirls  past  the  wanderer,  a  fair  boy 
among  the  keepers  looks  at  him  with  surprise,  pulls  in,  leaps  dowD, 
and  embraces  his  father.  He  then  learns  that  an  agricultural  life 
had  not  suited  his  son,  that  the  superiors  had  found  t^t  he  was  fond 
of  animals,  and  had  set  him  to  that  occupation  for  which  nature  had 
destined  him. 

I  must  pass  over  the  names  of  Pestalozzi  and  Jacotot,  of  whom 
you  will  find  a  good  account  in  Mr.  Quick's  book,  and  I  must  confine 
myself  to  mentioning  the  name  of  James  Mill,  whose  treatise  on 
education  deserves  to  be  reprinted.  The  last  English  writers  on  the 
subject  are  Mr.  Herbert  Spencer  and  Mr.  Alexander  Bain,  the  study 
of  whose  works  will  land  us  in  those  regions  of  paddagogics  whi<^ 
haye  been  most  recently  explored.  The  point  most  insist^  upon  by 
Mr.  Spencer  is  that  we  shall  obtain  the  best  results  in  education 
by  closely  studying  the  development  of  the  mind,  and  availing  0Tir« 
selves  of  the  whole  amount  of  force  which  nature  puts  at  our  disposal 
The  mind  of  every  being  is  naturally  active  and  desirous  of  exercise; 
indeed  it  is  never  at  rest  But  for  its  healthy  exercise  and  growth  it 
must  have  something  to  work  upon,  and  therefore  the  teacher  must 
watch  its  workings  with  the  most  sympathetic  care  in  order  to  supply 
exactly  that  food  which  it  requires  at  that  particular  time.  In  this 
way  a  much  larger  cycle  of  attainments  can  be  compassed  than  by 
the  adoption  of  any  programme  or  curriculum,  however  carefully 
drawn  up.  It  is  no  good  teaching  what  is  not  remembered;  the 
strength  of  memory  depends  upon  attention,  and  attention  depends 
upon  interest.  To  teach  without  interest  ia  to  work  like  Sisyphus 
and  the  Danaides.  Arouse  interest,  if  you  can,  rather  by  high  means 
than  by  low  means.  But  it  is  a  saving  of  power  to  make  use  of  the 
interest  which  you  have  already  existing,  and  which,  unless  dried  up 
or  distorted  by  injudicious  violence,  would  naturally  lead  the  mind 
into  all  the  Imowledge  which  it  is  capable  of  receiving.  Therefore 
never  from  the  first  force  a  child's  attention ;  leave  ofiT  a  study  the 
moment  it  becomes  wearisome ;  never  let  the  child  do  what  it  does  not 
like ;  only  take  care  that  when  its  liking  is  in  activity,  a  choice  of 
good  as  well  as  evil  should  be  given  to  it. 

Mr.  Bain's  writings  on  education,  which  are  extremely  valuable, 
are  chiefly  concerned  with  what  may  be  called  the  '*  correloHon  of 
forces  in  man"  He  shows  how  emotion  may  be  transformed  into 
intellect,  and  how  sensation  may  exhaust  the  brain  as  much  as 
thought,  and  he  lays  down  as  the  whole  duty  of  a  schoolmaster  to 
stimulate  the  powers  of  each  brain  under  his  charge  to  the  fdllest 
activity,  and  to  apportion  them  in  that  ratio  which  will  best  conduce 
to  the  most  complete  and  harmonious  development  of  the  individual. 

I  have  now  come  to  the  end  of  what  has  been  of  necessity  a  very 
imperfect  sketch  of  the  subject  on  which  I  proposed  to  discourse  to 
you.  I  have  bean  obliged  to  leave  many  important  matters  entirely 
out.    I  have  said  nothing  about  that  magnificent  system  of  public 
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edacation  in  modem  Qermany,  which  mnst  be  closely  stadied  by  any 
nation  that  wishes  to  solve  tiie  same  problem  for  itself.  Bat  I  have 
said  enongh  to  make  it  obvions  to  all  who  hear  me,  that  in  spite  of 
the  great  advances  which  have  been  made  of  late  years,  the  science 
of  education  is  now  £&r  in  advance  of  the  art.  Oar  schoolmasters  are 
still  spending  their  best  energies  in  teaching  subjects  which  have 
been  universally  condemned  by  educational  reformers  for  the  last  two 
hundred  years.  The  education  of  every  public  school  is  a  farrago  of 
rules,  principles,  and  customs  derived  fh>m  every  age  of  teaching, 
from  the  most  modem  to  the  most  remote.  The  philosophy  of  educa- 
tion in  England  may  be  compared  to  the  terminal  moraine  of  a  glacier 
which  receives  upon  its  unsightly  heaps  every  useless  burden  or  defile- 
ment which  has  been  rejected  by  the  great  central  stream  in  its 
onward  movement,  or  to  tiie  currency  of  those  unfortunate  countries 
who  have  no  coinage  of  their  own,  and  who  pass  from  hand  to  hand 
the  disosed  and  depreciated  tokens  of  the  more  progressive  nations 
of  the  world.  Legislation  only  too  often  serves  to  make  the 
matter  worse.  It  orders  new  subjects  to  be  taught,  but  does  not 
forbid  the  teaching  of  old  subjects  which  have  been  proved  to  be 
mischievous ;  it  loads  the  teacher  with  new  duties,  but  does  nothing 
to  train  or  invigorate  him  for  the  task  which  it  imposes.  Much 
may  be  done  by  adopting  this  or  that  expedient,  by  holding  confer- 
ences of  teachers,  by  the  inspection  of  schools,  by  imiversities  or  by 
government,  by  following  the  example  of  other  countries  who  have 
been  stimulated  to  improve  their  system  of  culture  by  their  conscious- 
ness of  the  inferiority  of  their  material.  Still  it  is  plain  to  me  that 
the  science  and  art  of  education  can  never  truly  be  said  to  exist  until 
it  is  organized  on  the  model  of  the  sister  art  of  medicine.  We  must 
pursue  the  patient  methods  of  induction  by  which  other  sciences  have 
reached  the  stature  of  maturity.  We  must  invent  some  means  of 
registering  and  tabulating  results ;  we  must  invent  a  phraseology  and 
nomenclature  which  will  enable  results  to  be  accurately  recorded ;  we 
must  place  education  in  its  proper  position  among  the  sciences  of 
observation.  A  philosopher  who  should  succeed  in  doing  this,  would 
be  venerated  by  future  ages  as  tiie  creator  of  the  art  of  teaching.  For 
the  avatar  of  such  a  reformer  we  must  look  to  the  present  generation 
of  schoolmasters.  We  must  exhort  them  to  keep  their  minds  free 
from  prejudice,  and  accessible  to  new  ideas ;  to  make  themselves  well 
acquainted  with  the  practice  of  contemporary  education  at  home  and 
abroad ;  to  interchange  as  fully  as  possible  information  about  methods 
and  results ;  to  put  every  new  principle  to  the  test  of  careful  exami- 
nation ;  and,  as  part  of  the  necessary  training  for  their  profession,  in 
order  to  correct  and  enlarge  their  experience,  and  to  keep  before  them 
a  high  standard  of  what  their  labours  may  effect,  we  must  urge  them 
to  study  with  zeal  and  enthusiasm  the  lessons  which  are  recorded  in 
the  history  of  education. 

[O.B.] 
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CHBONOLOGICAL  LIST 


THEORETICAL  AND  PRACTICAL  TEACHERS. 


Socrates B.o.  468 

Plato       428 

Aristotle        884 

Quintilian      a.d.   42 

Alouin 725 

Gerhard  Groote 1340 

Erasmus         1467 

Luther 1483 

Igpiatius  Loyola 1491 

Melanohthon         1497 

John  Sturm 1507 

Montaigne     1533 

John  Amos  Gomenius 1592 

Dr.  Busby      1606 

Milton 1608 

Lancelot         1615 

Locke     1632 

F^n^on 1651 

Rollin      1661 

Rousseau        1712 

Basedow 1723 

Pestalozzi       1746 

Goethe 1749 

Jean  Paul  Richter       1763 

Jaootot 1770 

James  Mill 1773 

Dr.  Arnold 1795 


B.O.  399 
327 
322 
AD.  118 
804 
1384 
1536 
1546 
1556 
1560 
1589 
1592 
1671 
1695 
1674 
1695 
1704 
1715 
1741 
1778 
1790 
1827 
1832 
1825 
1840 
1836 
1842 


TRIVIUM  AND  QUADRIVIUM. 

GRAMM(atica)  loquitur,  DIA(lectica)  verba  dooet.  RHE(torica)  verba  oolorat ; 

HUS(ica}  canit,  AR(ithmetica)  numerat,  GEO(metria}  ponderat ;  AS(trQiiomia) 

oolit  astra. 


THE  SEVEN  STUDIES  OF  KNIGHTLY  EDUCATION. 

PROBITATES  has  sunt :  equitare,  natare,  sadttare,  cestibus  certare,  aucupare. 
scocis  ludere,  versiocare. 
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GENERAL  MONTHLY  MEETING, 

Monday,  June  4, 1877. 

GsoBos  Busk,  Esq.  F.B.S.  Treasmer  and  Vice-President,  in  the  Chair. 

Mrs.  Warren  De  la  Bne, 

Lord  Gordon  of  Dmmcam,  Lord  of  Appeal, 

William  Alexander  Tooke  HaUowes,  Esq,  M.A. 

Charles  Bogers  Heap,  Esq. 

Loftns  Sidney  Long,  Esq. 

Mrs.  John  Fletcher  Moidton, 

were  eUded  Members  of  the  Boyal  Institation. 

The  Pbbsbnts  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FBOM 

Academia  dei  Lincei,  fiome— Atti,  Serie  UI.  Tranranti,  Vol.  I.  Fasc.  5.    4to. 

1877. 
Aduaries,  IfutUuie  o/— Journal,  No.  106.    8vo.    1877. 
AgrieuUural  Society,  Boyal— Jovane^. ;  Second  Seriea,  Vol.  XIH.  Part  1.    8vo. 

1877. 
American  PhOoaophieal  Society,  Philaddphia -Yol,  XV.  Vol.  XVI.  No.  98.    8vo. 

1876. 
iiifitmomtboJ  iS^'aey,  i2oya^--Monthl7  Notioee,  Vol.  XXXVII.  No.  6.    8yo.  1877. 
Bavarictn  Academy  of  Sciences,  .RoyoZ— Abhandlungen,  Band  XH.  3te  Abth. 
4to.    1876. 
Siizungsberichte,  1876 :  Heft  3.    8to.    1876. 
Boanlo/TVodtf—Beport  on  Weights  and  Measures:  Canada.    8to.    1877. 
British  Arehiteets,  Boyal  Institute  o/^Seasional  Papers,  1876-7.  Nos.  10, 11.  4to. 
Carpenter,  Dr.  W.  B,  0,B.  F.B.S.  (the  iiii^Aor}— Mesmerism,  Spiritualism,  &c 

Historically  and  Scientifioally  considered.    16to.    1877. 
Chemical  Society— Journal  for  May,  1877.    8vo. 

ComwaU  Polyteehnio  Society — ^Forty-fourth  Annual  Report.    1876.    8to. 
Comtt,  M.  A.  (^  J«iAor>---D^tennination  de  la  Vitesse  de  la  Lumi^re  d'api^ 
des  Exp^enoes  ex^ut^s  en  1874  entre  TObserratoire  et  Montlh^iy.    4to. 
1876. 
Coutts,  John,  Esq.  (lAa  iiii<Aor)— Brain  and  Intellect    16to.    1877. 
^{'tort— American  Journal  of  Science  for  May,  1877.    8yo. 
AthensBum  for  Bday,  1877.    4to. 
Chemical  News  for  May,  1877.    4to. 
Engineer  for  May,  1877.    fol. 
Journal  for  Applied  Science  for  May,  1877.    fol. 
Nature  for  May,  1877.    4to. 
Nautical  Magazine  for  May,  1877.    8?o. 
Pharmaceutical  Jonmal  for  May,  1877.    8to. 
Telegraphic  Journal  for  May,  1877.    8vo. 
Franklin  Institute— dowmA}, 'So.  ei7.    8yo.    1877. 
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Oeologieal  Survey  of  India— PaltBontologia  Indica :  Ser.  X.  2,  Ser.  XL  1.    fol. 

1876. 
Memoin,  Vol.  Xn.  Parts  1.  2.    8yo.    1876. 
IndiiuUon  of  Civil  Engineen—Wnuien  of  Prooeedingt,  Vol.  XLYIII.     8fo. 

1877. 
KerOake,  Thamat,  Etq,  (ihs  AuOtary^A  PrimsBTal  BritiBh  Metropolia  (K  101). 

8to.    1877. 
Lmnean  AieMCy— ProoeedingB,  No.  68.    8to.    1877. 
Manehedar    Gedlogieal    iSMety— TnoHMstions,  YoL  XTV.  Parts  9,  10.      8m 

1876-7. 
Mnim,  B.  J.  M.D,  M.BJ,  (ihs  Editor)— Natal :  a  History  and  Description  of  the 

Oolony.    By  Henry  Brooks.    8to.    1876. 
Medical  and  Ckirwrgiccd  Society,  i7oya2— Proceedings,  Vol.  YIII.  No.  3.    8to. 

1877. 
JfeesoroIooioaZ  Soeiety—QoBitetlj  Joornal,  No.  22.    8to.    1877. 
MiOuHi,  M.  Marc  {the  ifutAor)— Note  snr  lesOnagrarite  du  Bi^sU  (from  ArchiTSS 

des  Sciences,  1874). 
Progrte  de  la  Physiologie  V^g^tale,  1874-6.    8vo.    1874-7. 
MmUeh  Boyal  Obeervatory—Aunalea^  Band  XXI.    8to.    1876. 

Meteorologiflche  nnd  Magnetisohe.    Bebaohtnngen :  1876.    8yo.    1877. 
Norfolk  and  Norwith  NatmraUett^  Society— -TmaeiB^OBB,  VoL  IL  Part  S.    8fn. 

1877. 
PhUaddfhia  Academy  of  Natural  ScieneeB^Tnceedingi.    1876.    8vo. 
Pholographie  Society-Journal,  New  Series,  YoL  I.  Na  8.    8to.    1877. 
PrsiMiifd^  Akademie  der   irtnetuieAa/tefi~-Monatsberiehte:    Deo.   1876;   Jan. 

Feb.  1877.    8to. 
Boyal  Irieh  Aeademy^TrvDmiciioaB,  Vol.  XXVI.    Science:   Parts  1-^.    4(o. 

1876.    Proceedings:   SeriesH.  Vol.  II.  No8.  4,  5.  6.    8yo.    1875. 
Boyal  Society  of  Lonclofi— Proceedings,  No.  179.    8m    1877. 
Bojfal  Society  of  Toimania — Papers  and  Proceedings  for  1875.    8yo.    1876. 
St,  Fetenburg,  Aoadmie  dee  iSd«nc0<— Bolletins,  Tome  XXIII.  No.  3.  4to.  1877. 
AifM/yf,i?.Er.(aeiiii<Aor)—**  In  the  Beginning."    Parts.    8vo.    1877. 
United  States  Naval  O&Mrvotory— Observations  in  1874.    4to.    1877. 
United  Service  Inetitution,  JBoyot— Journal,  No.  90.    8to.    1877. 
Van  Voordf  M.  J.  -  Laboratory  Ooide  for  Agrionltnral  Students :  by  A.  H. 
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WEEKLY  EVENING  MEETING, 
Friday,  June  8,  1877. 

GxoBOs  Busk,  Esq.  F.B.S.  Treasurer  and  Vioo-President, 
in  the  Chair. 

John  Ttndall,  LL.D.  D.O.L.  P.R.S. 

ProfflMor  of  Nfttond  Fhllotophy  in  the  Royal  Imtltatioo. 

Beseatckea  on  ihe  Deportment  and  Vital  Ben^anoe  of  FtUrefactive  and 
Infective  Organienu,  from  a  Physical  Point  of  View. 

(This  Abstract  inolndes  a  notioe  of  the  disooone  given  on  Jan.  19, 1877.) 

PoBTiONS  of  the  autumn  of  1875,  and  of  the  winter  and  spring  of 
1875-76,  were  devoted  to  the  first  section  of  these  researches,  and  on 
the  2lBt  of  January,  1876,  its  main  results  were  communicated  orally 
to  the  Boyal  Institution.*  The  completed  memoir  was  handed  in  to 
the  Royal  Society  on  the  6th  of  April:  it  is  published  in  vol.  166  of 
the '  Philosophical  Transactions.' 

Many  of  the  "closed  chambers"  employed  in  the  inquiry  were 
submitted  on  the  21st  of  January  to  the  inspection  of  the  Members. 
There  had  been  over  fifky  of  them  in  all,  and  sereral  of  them  had  been 
used  more  than  once.  The  air  in  these  chambers  had  been  permitted 
to  firee  itself  from  floating  matter  by  self-subsidence,  no  artificial 
means  of  cleansing  it  being  employed.  Sterilized  organic  liquids 
and  infusions  of  tiie  most  varied  lands  fireely  exposed  to  air  thus 
spontaneously  purified  were  found,  when  tested  by  the  microscope, 
to  remain  absolutely  free  from  organisms  of  all  ^ds,  and  equ^y 
free  from  the  turbidity,  scum,  and  mould  which  to  the  naked  eye 
are  the  infallible  signs  of  the  generation  and  multiplication  of  such 
organisms. 

These  experiments  embraced,  among  others^  the  following  organic 
liquids  : — urine  in  its  natural  condition ;  infusions  of  mutton,  beef^ 
pork,  hay,  turnip,  sole,  haddock,  codfish,  salmon,  turbot,  mullet, 
herring,  eel,  oyster,  whiting,  liver,  kidney,  hare,  rabbit,  barndoor  fowl, 
pheasant,  and  grouse. 

The  number  of  separate  vessels  containing  these  liquids  which 
were  exposed  to  spontaneously  purified  air  amotmted   to  several 


*  See  p.  6  of  this  Tolume  of  the  *  Proceedings  of  the  Royal  Institution.' 
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hundreds,  and  the  conBensns  of  their  testimony,  in  the  sense  jost 
indicated,  was  complete. 

Five  minutes'  boiling  was  found  in  all  cases  sufficient  to  sterilize 
the  infusions. 

When,  after  remaining  sterile  for  months,  the  doors  of  the  chambers 
were  opened  so  as  to  admit  the  uncleansed  air  of  the  laboratory,  the 
contact  of  such  air,  or,  more  correctly,  of  the  matter  mechanically 
floating  in  it,  infiekllibly  produced  organisms  in  abundance — sometimes 
exolusiyely  Bacterial,  sometimes  exclusively  fungoid,  and  sometimes 
a  combination  of  both. 

Infusions  of  the  substances  above  referred  to  were  afterwards  ex- 
posed in  succession  to  air  which  had  been  freed  of  its  floating  matter 
by  filtration  through  cotton  wool,  also  to  air  from  which  the  floating 
matter  had  been  removed  by  calcination,  and  finaUy  to  vacua  obtained 
by  exhausting  as  fieir  as  possible  with  an  air-pump  large  receivers 
which  had  been  previously  filled  with  filtered  air. 

Boiled  for  five  minutes  and  exposed  to  air  thus  treated,  or  to  vacua 
thus  produced,  none  of  the  infusions  showed  subsequently  any  altera- 
tion of  colour  or  transparency  to  the  naked  eye,  or  to  the  microscope 
any  manifestation  of  life. 

Thus  f&r  I  have  summed  up  the  results  obtained  with  self-purified 
air,  filtered  air,  calcined  air,  and  air-pump  vacua,  the  liquidis  in  all 
oases  being  exposed  in  open  test-tubes.  Small  retort-flasks  were 
afterwards  resorted  to.  Oharged  with  the  infusions,  they  were  boiled 
in  heated  oil  or  brine,  and  se^ed  with  exceeding  care  during  ebulli- 
tion. At  the  Boyal  Institution  on  January  21[^  1876,  one  hundred 
and  thirty  such  flasks  were  submitted  to  the  Members,  £ree  alike  from 
putrefaction  and  from  life.  They  embraced  specimens  of  all  the 
substances  above  mentioned  and  some  others. 

Briefly  expressed,  then,  the  evidence  furnished  by  six  months' 
assiduous  work  during  the  autumn,  winter,  and  spring  of  1875-76, 
proved  conclusively  that  in  the  atmospheric  conditions  then  existing  in 
the  laboratory  of  the  Boyal  Institution,  not  one  of  the  many  hundred 
flasks  and  tubes  experimented  on  failed  to  be  sterilized  by  five 
minutes'  boiling,  and  no  countenance  was  given  to  the  notion  that  any 
of  these  once  sterilized  infusions  possessed  the  power  of  spontaneously 
generating  life. 

The  investigation  now  submitted  to  the  Members  was  opened  in  tiie 
summer  of  1876  by  H  series  of  tentative  experiments  on  turnip  in- 
fusions, to  which  were  added  varying  quantities  of  bruised  or  pounded 
cheese.  Seven  different  kinds  of  cheese  were  employed,  fifty-seven  test- 
tubes  being  charged  with  the  mixture  and  expoiaed  to  the  self-purified 
air  of  closed  chambers. 

The  majority  of  these  mixtures  remained  unchanged ;  a  minority 
became  charged  with  organisms,  which  are,  in  my  opinion,  completely 
accounted  for  by  reference  to  the  protective  action  of  the  cheese. 
In  the  memoir  of  which  this  is  an  abstract  such  protective  action  is 
illustrated  by  the  fact  that  when  ordinary  mustard  seeds  were  tied 
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together  in  a  calioo  bag,  they  resisted  the  boiling  temperature  for  a 
considerable  multiple  of  the  time  which  sufficed  to  loll  them  when 
no  bag  enveloped  them.  The  bag  and  outside  seeds  protected  the 
interior  ones. 

Not  temperature  alone,  but  the  ability  to  di£Pdse  its  juices  or  salts, 
appears  to  be  a  condition  of  importance  in  the  destruction  of  the 
integrity  and  life  of  a  germ  by  boiling  water.  Without  diffusion  a 
germ  may  withstand  temperatures  competent  to  destroy  it  where 
diffusion  is  free.  I  need  not  remark  on  the  imperviousness  of  cheese 
to  water,  and  its  consequent  power  to  prevent  diffusion. 

These  summer  experiments  on  tumip-cxheese  infusions  were,  how- 
ever, merely  tentative,  and  I  purpose  completing  them  hereafter. 

In  the  autumn  I  resumed  experiments  on  infasions  of  hay,  which 
had  been  purposely  postponed.  With  this  substance  no  difficulty 
was  encounterod  in  my  first  inquiry.  Boiled  for  five  minutes,  and 
exposed  to  air  purified  spontaneously,  or  freed  from  its  floating 
matter  by  calcination  or  filtration,  hay  infusion,  though  employed 
in  multiplied  experiments  at  various  times,  never  showed  the  least 
competence  to  kindle  into  life.  After  months  of  transparency,  I 
have,  in  a  great  number  of  cases,  inoculated  this  infusion  with 
minute  specks  of  animal  and  vegetable  liquids  containing  Boctorto, 
and  observed  twenty-four  hours  afterwards  its  colour  lightened 
and  its  mass  rendered  opaque  by  the  multiplication  of  these  or- 
ganisms. 

But  in  the  autumn  of  1876,  the  substance  with  which  I  had  ex- 
perimented so  easily  and  successfully  a  year  previously  appeared  to 
have  changed  its  nature.  The  infusions  extncted  frcnn  it  bore,  in 
some  cases,  not  only  five  minutes'  but  fifteen  minutes'  boiling  with 
impunity.  On  changing  the  hay  a  different  result  was  often  ob- 
tained. Many  of  &e  infusions  extracted  from  samples  of  hay 
purchased  in  the  autumn  of  1876  behaved  exactly  like  those  extracted 
from  the  hay  of  1875,  being  completely  sterilized  by  five  minutes' 
boiling. 

The  possible  influence  of  age  and  dryness  soon  suggested  itself,  and 
I  tested  the  surmise  to  the  uttermost.  Numerous  and  laborious  ex- 
periments were  executed  with  hay  derived  from  different  localities ; 
and  by  this  means,  in  the  earlier  days  of  the  inquiry,  it  was  revealed 
that  the  infusions  which  manifested  this  previously  unobserved  resist- 
ance to  sterilization  were,  one  and  all,  extracted  from  old  hay,  while 
the  readily  sterilized  infusions  were  extracted  from  new  hay,  the 
germs  adhering  to  which  had  not  been  subjected  to  long-continued 
desiccation. 

As  the  inquiry  proceeded  the  distinction  between  old  and  new  hay 
became  mere  and  more  blurred,  while  prolonged  experiment  with  hay 
of  various  kinds  failed  to  rescue  the  question  fr<mi  uncertainty.  I 
therefore  turned  to  substances  of  a  succulent  nature — to  fungi, 
cucumber,  melon,  beetroot,  and  artichoke,  for  example,  whose  para- 
sitic or  epiphytic  germs  were  unlikely  to  have  suffered  desiccation. 
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Boiled  for  periods  Tarjing  from  five  to  fifteen  minntes  and  ex- 
posed afterwards  to  moteless  air,  in  numberless  experiments  these 
infusions  broke  down,  charging  themselyes  throughout  with  organ- 
isms, and  loading  themselres,  almost  in  all  cases,  with  a  soapy  oor- 
mgated  scum. 

I  then  fell  back  upon  infusions  whose  deportment  had  been  pre- 
viously familiar  to  me,  and  in  the  sterilization  of  which  I  had  never 
experienced  any  difficulty.  Fish,  flesh,  and  vegetables  were  resub- 
jeoted  to  trial.  Though  the  precautions  taken  to  avoid  contamination 
were  fieir  more  stringent  than  those  observed  in  my  first  inquiry,  and 
though  the  period  of  boiling  was  sometimes  tripled  in  duration, 
these  infusions,  in  almost  every  instance,  broke  down.  Spontaneously 
purified  air,  filtered  air,  and  calcined  air  (calcined,  I  may  add,  with 
far  greater  severity  than  was  found  necessary  a  year  previously)  failed, 
in  almost  all  cases,  to  protect  the  infusions  from  putrefaction. 

I  was  sometimes  dieered  by  a  success  which,  at  the  time  of  its 
occurrence,  would  seem  to  be  the  result  of  increased  severity  in  the 
methods  of  experiment.  But  the  success  was  subsequently  so  opposed 
by  &ilure  that  it  finally  stood  out  rather  as  an  accident  than  as  the 
normal  result  of  the  inquiry. 

I  had  the  most  implicit  confidence  in  the  correctness  of  my  earlier 
experiments;  indeed  incorrectness  would  have  led  to  consequences 
exactly  opposite  to  those  arrived  at.  Errors  of  manipulation  would 
have  filled  my  tubes  and  flasks  with  organisms,  instead  of  leaving 
them  transparent  and  void  of  life.  By  the  unsuccessful  experiments 
above  referred  to  a  dear  issue  was  therefore  raised : — Either  infusions 
of  fish,  flesh,  and  vegetables  had  become  endowed  in  1876  with  an 
inherent  generative  energy  which  they  did  not  possess  in  1875,  or 
some  new  contagion  external  to  the  infusions,  and  of  a  far  more 
obstinate  chaiiacter  than  that  of  1875,  had  been  brought  to  bear  upon 
them  at  the  later  date.  The  scientific  mind  will  not  halt  in  its 
decision  between  these  two  alternatives. 

For  my  own  part  the  gradual  but  irresistible  interaction  of  thought 
and  experiment  made  it  in  the  first  instance  probable,  and  at  Lust 
certain,  that  the  atmosphere  in  which  I  worked  had  become  so  viru- 
lently infective  as  to  render  utterly  impotent  precautions  against  con- 
tamination and  modes  of  sterilization  which  had  been  fotmd  uniformly 
successful  in  a  less  contaminated  air.  I  therefore  removed  from  the 
laboratory,  first  to  the  top,  and  afterwards  to  the  basement  of  the 
Boyal  Institution,  but  found  that  even  here,  in  a  multitude  of  cases, 
failure  was  predominant,  if  not  uniform.  This  hard  discipline  of 
defeat  was  needed  to  render  me  acquainted  with  all  the  possibilities 
of  infection  involved  in  the  construction  of  my  chambers  and  the 
treatment  of  my  infusions. 

I  finally  resolved  to  break  away  from  the  Eoyal  Institution,  and 
to  seek  at  a  distance  from  it  a  less  infective  atmosphere.  In  Eew 
Gardens,  thanks  to  Sir  Joseph  Hooker,  the  requisite  conditions  were 
found.     I  chose  for  exposure  in  the  Jodrell  laboratory  the  special 
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infosions  which  had  proved  most  intractable  in  the  laboratory  of  the 
Royal  Institution.  The  resalt  was  that  liquids  which  in  Albemarle 
St]^eet  resisted  two  hundred  minutes'  boiling,  becoming  afterwards 
crowded  with  organisms,  were  utterly  sterilized  by  five  minutes'  boil- 
ing at  Eew. 

A  second  clear  issue  is  thus  placed  before  us: — Either  the  in- 
fusions had  lost  in  Eew  Gardens  an  inherent  generative  energy 
which  they  possessed  in  our  laboratory,  or  the  remarkable  instances 
of  life  development,  after  long  -  continued  boiling,  observed  in  the 
laboratory  are  to  be  referred  to  the  contagium  of  its  vessels  or  of 
its  air. 

With  a  view  to  making  nearer  home  experiments  similar  to  those 
executed  at  Eew,  I  had  a  shed  erected  on  the  roof  of  the  Royal  Insti- 
tution. In  this  shed  infusions  were  prepared  and  introduced  into 
new  chambers  of  burnished  tin,  which  had  never  been  permitted  to 
enter  our  laboratory.  After  their  introduction  the  liquids  were  boiled 
for  five  minutes  in  an  oil-bath. 

The  first  experiment  in  this  shed  resulted  in  complete  failure. 
Not  one  of  the  infusions  exposed  to  the  moteless  air  of  the  shed 
escaped  putrefaction. 

Either  of  two  causes,  or  both  of  them  combined,  might,  from  my 
point  of  view,  have  produced  this  result.  First,  a  flue  from  the 
laboratory  was  in  free  communication  with  the  atmosphere  not  far 
from  the  shed ;  secondly,  and  this  was  the  real  cause  of  the  infection, 
my  assistants  in  preparing  the  infusions  had  freely  passed  between 
the  laboratory  to  the  shed.  They  had  thus  incautiously  carried  the 
contagium  by  a  mode  of  transfer  known  to  every  physician. 

The  infected  shed  was  disinfected ;  the  infusions  were  again  pre- 
pared, and  care  was  taken  by  the  use  of  proper  clothes,  to  avoid  the 
former  causes  of  contamination.  The  result  was  similar  to  that 
obtained  at  Eew,  viz.  organic  liquids  which  in  the  laboratory  withstood 
two  hundred  minutes'  boiling,  were  rendered  permanently  barren  by 
five  minutes'  boiling  in  the  ^ed. 

A  third  dear  issue  is  thus  placed  before  us,  which  I  should  hardly 
think  of  formulating,  were  it  not  for  the  incredible  confusion  which 
apparently  besets  this  subject  in  the  public  mind.  A  rod  thirty  feet 
in  length  would  stretch  from  the  infusions  in  the  shed  to  the  same 
infusions  in  the  laboratory.  At  one  end  of  this  rod  the  infusions 
were  sterilized  by  five  minutes'  boiling,  at  the  other  end  they  with- 
stood two  hundred  minutes'  boiling.  As  before,  the  choice  rests 
between  two  inferences: — Either  we  infer  that  at  one  end  of  the 
rod  animal  and  vegetable  infrisions  possess  a  generative  power  which 
at  the  other  end  they  do  not  possess,  or  we  are  driven  to  the  conclu- 
sion that  at  the  one  end  of  the  rod  we  have  infected  and  at  the  other 
end  disinfected  air. 

The  second  inference  is  that  which  will  be  accepted  by  the  scien- 
tific mind.  To  what,  then,  is  the  inferred  difference  at  the  two  ends 
of  the  rod  to  be  ascribed  ?    In  one  obvious  particular  the  laboratory 
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this  year  differed  from  that  in  which  my  first  experiments  were  made. 
On  its  floor  were  varioas  bnndles  of  old  and  desicoated  hay,  from 
which,  when  stirred,  clouds  of  fine  dost  ascended  into  the  atmosphere. 
This  dnst  proved  to  be  both  frnitfol  and,  in  the  highest  degree,  resis- 
tant. Prior  to  the  introduction  of  the  hay  which  produced  the 
dust,  no  difficulty  as  regards  sterilization  had  ever  been  experi- 
enced; subsequent  to  its  introduction  my  difficulties  and  defeats 
began. 

I  have  twice  glanced  at  periods  of  boiling  amounting  to  two 
hundred  minutes;  for,  after  long  and  laborious  trials  of  shorter 
periods  I  advanced  to  longer  ones,  subjecting  turnip  and  cucumber 
infusions  to  the  boiling  temperature  for  intervals  var3ring  from  five 
minutes  to  three  hundred  and  sixty  minutes.  Up  to  a  certain  point 
these  liquids  maintained  their  power  of  developing  life,  but  beyond 
this  point  complete  sterility  was  the  result.  In  the  preliminary 
experiments  bearing  upon  this  question  the  point  of  steriHzation  lay 
between  180  and  240  minutes.  Boiled  for  the  former  period  the 
infusions  continued  fruitful;  boiled  for  the  latter  period  they  re- 
mained permanently  barren. 

In  these  and  numerous  other  experiments  a  method  was  followed 
which  had  been  substantially  employed  by  Spallanzani  and  Needham, 
and  more  recently  by  Wyman  and  Boberts,  the  method  having  been 
greatly  refined  by  the  philosopher  last  named.  The  flasks  were 
partially  filled  with  the  infusions,  the  portions  unoccupied  by  the 
Hquids  being  taken  up  with  ordinary  unfiltered  air.  Now,  as  regards 
the  death-point  of  contagia  we  know  that  in  air  it  may  be  much 
higher  than  in  water,  the  self-same  temperature  being  fiiktal  in  the 
latter  and  sensibly  harmless  in  the  former  ;  hence  my  doubt  whether, 
in  my  recent  experiments,  the  resistance  of  the  contagium  did  not 
arise  from  the  fact  of  its  being  surrounded,  not  by  water  but  by 
air. 

I  changed  the  method,  and  made  a  long  series  of  experiments 
with  filtered  air.  They  were  almost  as  unsuccessful  as  those  made 
with  ordinary  air.  From  time  to  time  I  succeeded  in  producing 
complete  sterility  by  five  minutes'  boiling ;  but  these  successes  were 
so  checked  by  failures  that,  similar  to  other  cases  referred  to,  they 
appeared  in  iJie  light  of  accidents.  They  were,  however,  by  no  means 
uninstructive,  for  they  revealed  the  existence  of  breaks  in  the  preva- 
lence of  the  contagium,  which,  under  the  circumstances,  might  have 
been  foreseen. 

A  rapid  glance  at  the  means  employed  to  improve  the  method  of 
experiment,  and  at  the  results  of  their  employment,  may  be  permitted 
here.  Bulbs,  exhausted  by  an  air-pump  and  afterwards  heated  almost 
to  redness,  were  filled  when  cool  with  filtered  air.  While  being 
charged  with  the  infusions  the  bulbs  were  warmed,  so  as  to  produce  a 
gentle  outflow  of  air,  and  their  necks  were  sealed  while  the  outflow 
continued.  It  was  thus  sought  to  avoid  the  contamination  consequent 
on  an  indraught. 
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The  failures  resulting  from  this  mode  of  experiment  greatly  pre- 
dominated over  the  sacoesaes. 

Employing  similar  bulbs,  their  necks  in  the  first  instance  were 
drawn  out  at  the  ends  to  tubes  of  capillary  fineness.  The  bulbs  were 
then  filled  with  one-third  of  an  atmosphere  of  filtered  air,  and,  while 
connected  with  the  air-pump,  were  heated  almost  to  redness.  The 
capillary  tubes  were  then  sealed  with  the  lamp ;  tho  sealed  ends  were 
afterwards  broken  off  in  the  body  of  the  liquid,  two-thirds  of  each 
bulb  being  thus  filled  with  the  infusion.  By  great  care  it  was  found 
possible  to  reseal  the  capillary  tubes  without  removing  them  from 
the  liquid.  The  infusions  were  afterwards  boiled  from  five  to  fifteen 
minutes. 

Here  also  the  fruitfnlness  of  the  boiled  infusion  was  the  rule,  and 
its  barrenness  the  exception. 

One  source  of  discomfort  clung  persistently  to  my  mind  through- 
out these  experiments.  I  was  by  no  means  certain  that  the  observed 
development  of  life  was  not  due  to  germs  entangled  in  the  film  of 
liquid  adherent  to  the  necks  and  higher  interior  surfeM^s  of  the  bulbs. 
This  film  might  have  evaporated,  and  its  germs,  surrounded  by  air 
and  vapour,  instead  of  by  water,  might,  on  this  account,  have  been 
able  to  withstand  an  ordeal  to  which  they  would  have  succumbed  if 
submerged. 

A  plan  was  therefore  resorted  to  by  which  the  infusions  were 
driven  by  atmospheric  pressure  through  lateral  channels  issuing  from 
the  centres  of  the  bulbs.  As  before,  each  bulb  was  filled  with  one- 
third  of  an  atmosphere  of  filtered  air,  and  afterwards  heated  nearly 
to  redness.  When  fully  charged,  the  infasion  rose  higher  than  the 
central  orifice,  and  no  portion  of  the  internal  surface  was  wetted  save 
that  against  which  the  liquid  permanently  rested.  The  lateral 
channel  was  then  dosed  with  a  lamp  without  an  instant's  contact 
being  permitted  to  occur  between  any  part  of  the  infusion  and  the 
external  air.  It  was  thus  rendered  absolutely  certain  that  the 
contagia  exposed  subsequently  to  the  action  of  heat  were  to  be 
sought,  neither  in  the  superjacent  air  nor  on  the*interior  surfaces  of 
the  flasks,  but  in  the  body  of  the  infusions  themselves. 

By  this  method  I  tested  in  the  first  place  the  substance  which,  at 
an  early  stage  of  the  inquiiy,  had  excited  my  suspicion — without 
reference  to  which  the  discrepancy  between  the  behaviour  of  infdsions 
examined  in  the  winter  of  1875-76  and  those  examined  in  the  winter 
of  1876-1877  is  inexplicable,  but  by  reference  to  which  the  explana- 
tion of  the  observed  discrepancy  is  complete ;  I  mean,  the  old  hay 
which  cumbered  our  laboratory  floor. 

Four  hours'  continuous  boiling  failed  to  sterilize  bulbs  charged 
with  infusions  of  this  hay.  In  special  cases,  moreover,  germs  were 
found  so  indurated  and  resistant,  that  five,  six,  and  in  one  case  even 
eight  hours'  boiling  failed  to  deprive  them  of  life. 

All  the  difficulties  encountei^  in  this  long  and  laborious  inquiry 
were  traced  to  the  germs  which  exhibited  the  extraordinary  powers 
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of  resistance  here  described.  Tbey  introduced  a  plague  into  our 
atmosphere— the  other  infusions,  those  of  fresh  hay  induded,  like  a 
smitten  population,  becoming  the  victims  of  a  contaginm  foreign  to 
themselves.* 

It  is  a  question  of  obvious  interest  to  the  scientific  surgeon 
whether  those  powerfully  resistent  germs  are  amenable  to  the 
ordinary  processes  of  disinfection.  It  is  perfectly  certain  that  they 
resist  to  an  extraordinary  extent  the  action  of  heat.  They  have  been 
proved  competent  to  cause  infusions,  both  animal  and  vegetable,  to 
putrefy.  How  would  they  behave  in  the  wards  of  an  hospital? 
There  are,  moreover,  establishments  devoted  to  the  preserving 
of  meats  and  vegetables.  Do  they  ever  experience  inexplicable 
reverses  ?  I  think  it  certain  that  the  mere  shaking  of  a  bunch  of 
desiccated  hay  in  the  air  of  an  establishment  of  this  character  might 
render  the  ordinary  process  of  boiling  for  a  few  minutes  utterly 
nugatory,  thus  possibly  entailing  serious  loss.  They  have,  as  wiU 
subsequently  appear,  one  great  safeguard  in  the  complete  purgation 
of  their  sealed  tins  of  air. 

A  remarkable  application  of  the  germ  theory  is  now  to  be  men- 
tioned. Keeping  these  germs  and  the  phases  through  which  they  pass 
to  reach  the  developed  organism  clearly  in  view,  I  have  been  able  to 
sterilize  the  most  obstinate  infusions  encountered  in  this  inquiry,  by 
heating  them  for  a  small  fraction  of  the  time  above  referred  to  as 
insufficient  to  sterilize  them.  The  fully  developed  Bacterium  is 
demonstrably  killed  by  a  temperature  of  140°  F.  Fixing  the  mind's 
eye  upon  the  germ  during  its  passage  from  the  hard  and  resistant  to 
the  plastic  and  sensitive  state,  it  will  appear  in  the  highest  degree 
probable  that  the  plastic  stage  will  be  reached  by  di£ferent  germs  in 
different  times.  8ome  are  more  indurated  than  others,  and  require  a 
longer  immersion  to  soften  and  germinate.  For  all  known  germs 
there  exists  a  period  of  incubation  during  which  they  prepare  them- 
selves for  emergence  as  the  finished  organisms  whidi  have  been 
proved  so  sensitive  to  heat.  If  during  this  period,  and  well  within  it, 
the  infusion  be  boiled  for  even  the  fraction  of  a  minute,  the  softened 
germs  which  are  then  approaching  their  phase  of  final  development 
will  bo-  destroyed.  Bepeating  the  process  of  heating  every  ten  or 
twelve  hours,  before  the  least  sensible  change  has  occurred  in  the 
infusions,  each  successive  heating  will  destroy  the  germs  then 
softened,  until,  after  a  sufiicient  number  of  heatings,  the  last  living 
germ  will  disappear. 

Quided  by  the  principle  here  laid  down,  and  applying  the  heat 
discontinuously,  infusions  have  been  sterilized  by  an  aggregate 
period  of  heating,  which,  fifty  times  multiplied,  would  fail  to  sterilize 
them  if  applied  continuously.  Four  minutes  in  the  one  case  can 
accomplish  what  four  hours  fail  to  accomplish  in  the  other. 


*  A  bard  and  wiry  ha^  from  Guildford,  which  I  have  no  reason  to  consider 
old,  was  found  extremely  difficult  to  sterilize. 
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If  properly  followed  out,  the  method  of  sterilization  here  de- 
scribed is  infallible.  A  temperature,  moreover,  far  below  the  boiling 
point  suffices  for  sterilization.* 

Another  mode  of  sterilization,  equally  certain  and  remarkable, 
was  forced  upon  me,  so  to  speak,  in  ihe  following  way.  In  a 
multitude  of  cases  a  thick  and  folded  layer  of  fatty  scum,  made  up  of 
matted  Bacteria^  gathered  upon  the  surfaces  of  the  infusions,  the 
liquid  underneath  becoming  sometimes  cloudy  throughout,  but  fre- 
quently maintaining  a  transparency  equal  to  that  of  distilled  water. 
The  living  scum-layer,  as  Pasteur  has  shown  in  other  cases,  appeared 
to  possess  the  power  of  completely  intercepting  the  abnospheric 
oxygen,  appropriating  the  gas  and  depriving  the  germs  in  the  liquid 
undemeatii  of  an  element  necessary  to  their  development. 

Placing  the  infusions  in  flasks,  with  large  air-spaces  above  the 
liquids,  corking  the  flasks,  and  exposing  them  for  a  few  days  to  a 
temperature  of  80^  or  90^  F.,  at  the  end  of  this  time  the  oxygen  of 
the  superjacent  air  seems  completely  consumed.  A  lighted  taper 
plunged  into  the  flask  is  immediately  extinguished.  Above  the 
scum,  moreover,  the  interior  surfaces  of  the  bulbs  used  in  my 
experiments  were  commonly  moistened  by  the  water  of  condensation. 
Into  it  the  Bacteria  sometimes  rose,  forming  a  kind  of  gauzy  film  to 
a  height  of  an  inch  or  more  above  the  liquid.  In  fact,  wherever  air 
was  to  be  found,  the  Bacteria  followed  it.  It  seemed  a  necessity  of 
their  existence.  Hence  the  question,  What  will  occur  when  the 
infusions  are  deprived  of  air  ? 

I  was  by  no  means  entitled  to  rest  satisfied  with  an  inference  as  an 
answer  to  this  question ;  for  Pasteur,  in  his  masterly  researches,  has 
abundantly  demonstrated  that  the  process  of  alcoholic  fermentation 
depends  on  the  continuance  of  life  without  air — other  organisms  than 
Torula  being  also  alleged  to  be  competent  to  live  without  oxygen. 
Experiment  alone  could  determine  the  effect  of  exhaustion  upon  the 
particular  organisms  here  under  review. 

Air-pump  vacua  were  first  employed,  and  with  a  considerable 
measure  of  success.    Life  was  demonstrably  enfeebled  in  such  vacua. 

Sprengel  pumps  were  afterwards  used  to  remove  more  effectually 
both  the  air  dissolved  in  the  infusions  aiid  that  diffused  in  the  spaces 
above  them.  The  periods  of  exhaustion  varied  from  one  to  eight 
hours,  and  the  results  of  the  experiments  may  be  thus  summed  up : — 
Gould  the  air  be  completely  removed  from  the  infusions,  there  is 
every  reason  to  believe  that  sterilization  mthoiU  boiling  would  in 
most,  if  not  in  all,  cases  be  the  result.  But,  passing  from  proba- 
bilities to  certainties,  it  is  a  proved  fact  that  in  numerous  cases 

*  On  reading  my  paper,  previons  to  itd  presentation  to  the  Boyal  Society,  Mr. 
Huxley  suggested  a  oontinuoua  exposure  to  a  temperature  not  much  above  the 
death-temperatare  of  the  adult  Bacterium.  I  had  also  noted  the  experiment  for 
execution  myself.  It  was  made  some  weeks  ago  with  perfect  success.  The  most 
obstinate  infusions,  maintnined  for  a  few  days  at  a  temperature  of  160^  F.,  aro 
sterilized^ June  21.] 
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unboiled  infosionB  deprived  of  air  by  five  or  six  hours'  action  of  the 
Sprengel  pump  are  rednoed  to  permanent  barrennesa.  In  a  great 
nomber  of  oasee,  moreoyer,  where  the  unboiled  infosion  would  have 
become  cloudy,  exposure  to  the  boiling  temperature  for  a  single 
minute  sufficed  completely  to  destroy  the  life  already  on  the  point  of 
being  extinguished  through  defect  of  air.  With  a  single  exception,  I 
am  not  sure  that  any  incision  escaped  sterilization  by  five  minutes' 
boiling  after  it  had  been  deprived  of  air  by  the  Sprengel  pump. 
These  five  minutes  accomplished  what  five  hours  sometimes  failed  to 
accomplish  in  the  presence  of  air. 

The  exception  here  referred  to  is  old-hay  infusion,  which,  thoagh 
sterilized  in  less  than  half  the  time  needed  to  kill  its  germs  where  air 
is  present,  maintained  a  power  of  developing  a  feeble  but  distinct  life 
after  having  been  boiled  for  a  large  multiple  of  the  time  found 
sufficient  to  render  infusions  of  mutton,  beef,  pork,  cucumber,  turnip, 
beetroot,  shaddock,  and  artichoke  permanently  barren. 

These  experiments  gave  me  the  clue  to  many  others  which  might 
have  readily  become  subjects  of  permanent  misinterpretation*  In  the 
midst  of  a  most  virulently  infective  atmosphere,  where,  even  after 
some  hours'  boiling,  there  was  no  escape  for  infiisions  supplied  with 
air,  the  expulsion  of  the  air  by  less  than  five  minutes'  boiling  in 
properly  shaped  retort-flasks,  and  the  proper  sealing  of  the  flasks 
during  ebullition,  ensured  the  sterility  of  the  infusions. 

The  meaning  of  a  former  remark  regarding  the  part  played  by 
boiling  in  establishments  devoted  to  the  .preserving  of  meats  and 
vegetables  will  be  now  understood. 

The  inertness  of  the  germs  in  liquids  deprived  of  air  is  not  due  to 
a  mere  mspension  of  their  powers.  The  germs  are  Wled  by  being 
deprived  of  oxygen.  For  when  the  air  wUch  has  been  removed  by 
the  Sprengel  pump  is,  after  some  time,  carefully  restored  to  the 
infusion,  unaccompanied  by  germs  from  without,  there  is  no  reri^al 
of  life.  By  removing  the  air  we  stifle  the  life  which  the  returning  air 
is  incompetent  to  restore. 

These  experiments  on  the  mortality  arisins  from  a  defect  of 
oxygen  are  in  a  certain  sense  oomplementazy  to  uie  beautiful  results 
of  M.  Paul  Bert.  Applying  his  method  to  my  infusions,  I  find  them 
sterilized  in  oxygen  possessing  a  pressure  of  ten  atmospheres  or  more. 
Like  higher  organisms,  our  Bacterial  germs  are  poisoned  by  the 
excess  and  asphyxied  by  the  defect  of  oxygen.  A  mechanical  action 
may  also  come  into  play. 

I  hardly  think  it  necessary  to  summarize  what  has  been  here 
brought  before  you.  In  fact,  tiie  whole  discourse  is  but  a  summing 
up  of  eight  months  of  incessant  labour.  From  the  beginning  to  the 
end  of  the  inquiry  there  is  not,  as  you  have  seen,  a  shadow  of  evidence 
in  favour  of  the  doctrine  of  spontaneous  generation.  There  is,  on  the 
contrary,  overwhelming  evidence  against  it ;  but  do  not  carry  away 
with  you  the  notion  sometimes  erroneously  ascribed  to  me,  that  I 
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deem  spontaneous  generation  "  impossible,"  or  that  I  wish  to  limit  the 
power  of  matter  in  relation  to  life.  My  views  on  this  subject  ought 
to  be  well  known.  But  possibility  is  one  thing  and  proof  is  another, 
and  when  in  our  day  I  seek  for  experimental  evidence  of  the  trans- 
formation of  the  non-living  into  the  living,  I  am  led  inexorably  to  the 
conclusion  that  no  such  evidence  exists,  and  that  in  the  lowest,  as  in 
the  highest  of  organized  creatures,  the  method  of  nature  is  that  life 
shall  be  the  issue  of  antecedent  life.* 

[J.  T.l 

*  Thionghout  these  laborious  researches  I  have  been  aided,  with  his  aeons- 
tomed  zeal  and  ability,  by  my  excellent  senior  assistant,  Mr.  John  GottreU.  He 
has  been  worthily  seconded  by  Mr.  Frank  Valter,  and,  in  a  humbler  bat  still 
effectual  way,  by  William  Oard. 
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GENERAL  MONTHLY  MEETING, 

Monday  July  2, 1877. 

GiOBOs  Busk,  Esq.  F.B.S.  Treasurer  and  Vice-President,  in  the  Chair. 

Walter  Deeble  Boger,  Esq. 
Henry  Alexander  Bmce,  M.D. 

were  elected  Members  of  the  Boyal  Institution. 

The  PuBSSNTS  receiyed  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  vis. : — 

FROM 

Aceademia  dei  Lineei,  Borne— Ai^  Serie  HI.  Transonti,  Vol  I.  Faso.  6.    4to. 

1877. 
Astronomical  Society,  iJoyoZ— Monthly  Notioea,  Vol.  XXXVH.  No.  7.    8vo.    1877. 

Memoird.  Vol.  XL.    4to.    1874. 
BesaeU,  Dr.  Emits  (the  ^luMor)— Scientific  Results  of  the  United  States  Aratio 
Expedition :  Steamer  Polaris.    Vol.  I.  Physical  Obseirations.    4to.    Wash- 
ington. 1876. 
British  Architects,  Boyal  Institute  o/— Sessional  Papers,  1876-7.  Nos.  12, 13.   4to. 
British  Museum   rri*»tec«— Illustrations  of  Lepidoptera  Heterooeroa.      Part    1. 
8vo.    1877. 

Guide  to  Exhibition  Rooms.    8vo.    1877. 

Descriptive  OataloRue  of  Playing  and  other  Oards.    8yo.    1876. 

Oalalogue  of  British  Fossil  Crustacea.    8vo.    1877. 
Cave,  Mrs.  L.  T. — CJolouel  G.  Greenwood :  River  Terraces.    8vo.    1877. 
£Uttor« —American  Journal  of  Science  for  June,  1877.    8ro. 

Athenieum  for  June,  1877.    4to. 

Chemical  News  for  June,  1877.    4to. 

Engineer  for  June,  1877.    foL 

Uoroloeical  Journal  for  June,  1877.    8vo. 

Journal  for  Applied  Science  for  June,  1877.    fol. 

Nature  for  June,  1877.    4to. 

Nautical  Magazine  for  June,  1877.    8vo. 

Pharmaceutical  Journal  for  June,  1877.    8vo. 

Telegraphic  Journal  for  June,  1877.    8vo. 
FrankUn  InstUute—Jouma},  No.  618.    8vo.    1877. 
Getjlogieal  fiooteey— Quarterly  Journal,  No.  180.    8to.     ^77. 
Geotogieal  Survey  of  Jmita— Records,  Vol.  X.  Part  2.    8vo.    1877. 
Olaegow  Philosophieal  5oote^y— Proceedings,  Vol.  X.  No.  2.    8vo.    1876-7. 
Linnean  Society— ProoeediugSy  Nos.  69,  89.    8vo.     1877. 
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New  Chureh  Mi$sionary  and  Traet  Socidy^B^y,  Ghanncey  Giles :  The  Spiritual 
World  and  our  Children  there.    16to.    1875. 
Dr.  TheophiluB  Parsons :  Outlines  of  the  Religion  and  Philosophy  of  Sweden- 

borg.    16to.    1876. 
Bev.  Samuel  Noble  :  Appeal  on  behalf  of  the  Views  of  the  Eternal  World  and 
State  and  the  Doctrines  of  Faith  and  Life  held  by  the  Body  of  Christians 
who  believe  that  a  New  Church  is  signified  (in  the  Revelation,  chap,  xxi.) 
by  the  New  Jerusalem.    9th  ed.    12mo.    1876. 
Emanuel  Swedenborg,  the  Spiritual  Columbua       A  Slcetoh  by  U.  S.  E. 

2nded.    16ta    1877. 
Bev.  Dr.  Bayley:  Oreat  Truths  on  Great  Subjects:    Six  Lectures.     16to. 
1877. 
Photographie  Society — JoumaL  New  Series,  Vol.  I.  No.  9.    8vo.    1877. 
Rayleigh,  The  Lord,  M.A.  FJt.8,  MJtJ,  (the  Author)— The  Theory  of  Sound, 

Vol.  L    8vo.    1877. 
BoycU  Society  of  Lomlon— Proceedings,  No.  180.    8vo.    1877. 
Simg,  J.  M.  MM,  (the  Author)- The  Discovery  of  Ancesthesia.    (K  101)    8vo. 

1877. 
SymoMf  G.  J, — ^Monthly  Meteorological  Magazine,  June,  1877.    8vo. 
Verein$  xur  BefSrderwM  de$  OewerhfleiMea  in  Preussen — ^Verhandelungen,  Mai, 

1877. 
Vietoria  JfM<t<tii»— Transactions,  No.  41.    8vo.    1877. 
ZooHogical  Society  of  Lomiofi— Transactions,  Vol.  X.  Part  1.    4to.    1877. 
Proceedings,  1877,  Part  1.    8vo.    1877. 


Vol.  VIIL    (No.  67.)  2  l 
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GENERAL  MONTHLY  MEETING, 

Monday,  November  5,  1877. 

Gbobgb  Busk,  Esq.  F.R.S.  Treasurer  and  Vice-President, 
in  the  Chair. 

The  Pbxsbnts  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FBOM 

Aeademia  dei  Lincei,  Borne— -Ai^,  Serie  Seoonda,  Vol.  III.  Parte  1,2,  3.    4to 
1876. 
Atti,  Serie  HI.  Transunti,  Vol.  I.  Fasc.  1,  2,  7.    4to.     1877. 
Actuaries,  Institute  ©/—Journal,  Noe.  107. 108.    8vo.    1877. 
American  Philosophical  Society — Pioceedings,  No.  99.    8vo.     18^. 
Antiquaries,  Society  o/— Archeeologia,  Vol.  XLV.  Part  1.    4to.     1877. 

Proceedings,  Second  Series,  Vol.  VII.  No.  fi.    8vo.    1877. 
Asiatic  Society,  iJoyoJ— Journal,  New  Series,  Vol.  IX.  Part  2.    8vo.    1877. 
Asiatic  Society,  Boyal,  Bombay  Branch — Journal,  No.  34.    8vo.    1877. 
Asiatic  Society  of  Bengal^ J ovamsA,  1876,  Part  I.  No.  3 ;  Part  II.  No.  4. 
1877,  Part  I.  No.  1 ;  Part  II.  No.  1.    8vo. 
Proceedings,  1876,  Nos.  9, 10 ;  1877,  Nos.  1-5.    8vo. 
Astronomical  Society,  ^oZ— Monthly  Notices,  Vol.  XXXVn.  Noe.  8,  9.    8vo 

1877. 
Bagster  A  Co.  Messrs.  {the  Publishers) — W.  R.  Cooper :  Short  History  of  Eiryptiaii 

Obelisks.     16to.    1877. 
Bavarian  Academy  of  Sciences,  Boyal  —  Sitzungsberichte,  1877,  Heft  1.    8to 

1877. 
Bertier,  F.  M.D.  {(he  Author)— ^\ie  Spas  of  Aix-les-Bains  and  Marlioz,  Savov 

12mo.    1877. 
Boston  Society  of  Natural  History — Memoirs,  Vol.  II.  Part  4,  No.  5.    4 to.    1877 
Proceedings,  Vol.  Xm.  Nos.  24-27;  Vol.  XIV.  Nos.  1-14;  Vol.  XVIH.  Parta 

3,4.    8?o.    1871-6. 
OocSuional  Papers,  I.     H.  T.  W.  Harris:    Entomological  Correspondence 
8vo.    1869. 
British  Association  for  the  Advancement  of  Science — Report  of  the  46th  Meetinip  • 

Glasgow,  Sept.  1876.    8vo.    1877. 
British  Museum  TVtMe^et— Catalogue  of  Chinese  Books.    4to.    1877. 
Catalogue  of  Birds.    Vol.  III.    8vo.    1877. 
Facsimiles  of  Ancient  Charters.    Part  III.    fol.    1877. 
Buckler,  George,  Esq.  ((he  jlutftor)— Colchester  Castle  a  Roman  Boildine,  &c 
8m     1876-7. 
Colchester  Castle,  &o.    Bj  Rev.  H.  Jenkins.    8to.    1869. 
Royal  ArohiBological  Institute,  Colchester  Meeting.    12mo.     1876. 
Cambridge  PhOosophical  /Sooirfy— Transactions,  Vol.  XI.  Part  3;  Vol.  XII.  Parte 
1.2.    4to.    1871-7. 
Proceedings,  Vol.  m.  Parts  1,  2.    8vo.    1876-7. 
Canada  Meteorologieal  Q^^oe— Reports.    8to.    1877. 
Chemical  Society— Journal,  July,  Aug.  Sept  Oct.  1877.    8vo. 
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CivU  Engineerif  Jnttitution--lAmvL\^  of  Proceedings,  Vol  XLIX.    8vo.    1877. 
ClermorUy  the  Lord — Supplement  to  Life  and  Works  of  Sir  John  Fortesoue.    4to. 

1877. 
Dawson,  Alfred,  Esq.  F.B.AJ3.  (the  Authory-EugUaii  Landscape  Art  in  1877. 

(0  17)    12mo.     1877. 
Devonshire  A  ssociation  for  the  Advancement  of  Literature^  Science,  and  Art — ^Report 

and  Transactions,  Vol.  IX.    8vo.     1877. 
Editors — American  Journal  of  Science  for  July-Oct.  1877.    8yo. 
Analyst  for  July-Oct.  1877.    8vo. 
AthensBum  for  Oct  1877.    4to. 
Chemical  News  for  July-Oct  1877.    4to. 
Engineer  for  July-Oct.  1877.    foL 
Horological  Journal  for  July-Oct.  1877.    8vo. 
Journal  for  Applied  Science  for  July-Oct.  1877.    fol. 
Nature  for  July-Oct.  1877.    4to. 
Nautical  Magazine  for  July-Oct.  1877.    8?o. 
Pharmaceutical  Journal  for  July-Oct.  1877.    8yo. 
Telegraphic  Journal  for  July-6ot.  1877.    8to. 
Franklin  Institule—JomnBl,  Nob.  619-621.    8vo.    1877. 
Geographical  Society,  Boyai—PiooeedmjsB,  Vol.  XXI.  Nos.  4,  5,  6;  and  Charter. 

8yo.    1877. 
Geological  Institute,  Imperial,  Vienna — Jahrbuch,  1877,  Nos.  1,  2.    8yo.    1877. 
Verhandlungen,  1877,  Nos.  1-10.    8vo.     1877. 
Abhandlungen,  BandVIL4;  IX.    4to.     1877. 
Geological  Soddy — Quarterly  Journal,  No.  131.    8vo.    1877. 
Geological  Survey  of  Indfa— Memoirs,  Vol.  XIII.  Parts  1,  2.    8?o.    1877. 
Paiffiontologia  Indica,  Series  II.  2.    fol.    1877. 
Becords,  Vol.  X.  Part  3.    8vo.    1877. 
G[«n«coZo^^Z5bci^— Transactions,  Vol.  I.    8vo.    1877. 
Harrison,  Mr.  W.  H.  {the  PubZinAer)— Animal  Magnetism,  or  Mesmerism  and  its 

Phenomena.    By  Wm.  Gregory,  M.D.    Second  Edition.    8vo.    1877. 
Eeap,  C.  Rogers,  Esq.  M.R.L  (the  Author)— ^The  Indian  Famine :   Water  is  the 

Best  Remedy.    (K 102.)    8vo.     1877. 
HUdebrandsson,  H.  Hildebrand  (the  Author) — Atlas  des  Mouvements  Sup^eurs 

de  I'Atmosph^re.    (M  8)    4to.     1877. 
HuU  Literary  and  Philosovhiccd  Society — Annual  Report.    8vo.    1876-7. 
Iron  and  Steel  InstUute-4oxuna\,  1877,  No.  1.    8?o.    1877. 
Kershaw,  S.  W.  Esq.  (the  Authory-l^oieB  on  Croydon  Palace.     8vo.    1877. 
Leeds  Philosophieal  Society— Uepori  for  1876-7.    8vo. 
Linnean  /SbctWy— Proceedings,  Nos.  70,  71,  73.  90-92.    8to.    1877. 
London  Corporah'on— Catalogue  of  Library.  Fourteenth  Supplement.  8vo.   1877. 
Lunacy  Commissioners — Thirtj'-first  Report.    8vo.    1877. 
ManchesUr  Geological  fibcte^y— Transactions,  VoL  XIV.  Parts  11,  12,  13.    8vo. 

1877. 
Mechanical  Engineer^  Institution — Proceedings,  May  and  July,  1877.    8vo. 
Medical  and  Chirurgical  Society,  JBoyoZ— Proceedings,  Part  45.    8to.    1877. 
MeUorological  Oj^ce— Quarterly  Weather  Report,  1874,  Part  4.    4to.     1877. 
MeteoroU^icai  fi&ji«<y— Quarterly  Journal,  No.  23.    8vo.    1876. 
Musical  Association— PioceedingB,  Third  Session,  1876-7.    8yo.    1877. 
NaOak,  MtUey  B.  Esq.  (the  Author)— El  Rescate  de  Cerrantes.    (K  102.)    8yo. 

1877 
Photographie  Society— JonmA],  New  Series,  Vol.  II.  No.  1.    8vo.    1877. 
Physical  Society  ^  Lofkion— Proceedings,  Vol.  11.  Part  3.    8 vo.    1 877. 
Pdocki,  Albert,  Esq.  (the  Author)— l^oece  te  ipsum :  Etudes  d'aprfes  Nature. 

(L17.)    8vo.    1877. 
Preussisehe  Akademie  der  Wissenschaften  —  Monatsberichte :    Mai,  Juni,  Juli, 

1877.    8vo. 
Quaritch,  Mr.  B.  (the  Publisher)— QeneTKl  Catalogue  of  Books:   Supplement, 
8vo.     1875-7. 

2  L  2 


Digitized  by  VjOOQIC 


482  Qeneral  ManMy  Meeting.  [Not.  5, 

Raddife  Trusteet,  Oxford  ^  C^Mogae  of  Books  on  Natoral  Science  in  the 

Radcliffe  Library.    4to.    1877. 
Boyal  SocUiy  of  London— Proceedings,  No.  181, 182.    8vo.    1877. 

Catalogue  of  Sdentiflc  Papers,  Vol.  Vn.  (1864-73).    4to.    1877. 
^.  Bartholomeu^s  Hospital— 8tAtistica}  Tables,  1876.    8yo.     1877. 
8t.  Peterrimrg,  Aoad^mie  dm  /Sbisium— Bolletins,  Tome  XXUI.  No.  4.  4to.   1877. 
M^moires.     T  S^rie.     Tome  XXII.  Nos.  11,  12;  Tome  XXm.  No^  2-8, 
1875 ;  Tome  XXIV.  Nos.  1-3,  1876-7. 
Statidioal  Society— Journal,  Vol.  XL.  Parts  2.  3.    8to.    1877. 
Swedatborg  Society — Swedenborg*8  Works,  37  vols.    8vo.    1845-76. 
SymonSt  0-  /.—Monthly  Meteorological  Magaiine,  Joly-Oct.  1877.    8yo. 
Traffordj  F.  W.  O.— Amphiorama.    New  edition.    (K  102.)    8vo.    1877 
Trinity  House  Corporation — Correspondence  and  Beports  on  Electric  Ligbts  at 

the  South  Foreland.    (P  12.)    fol.    1877. 
TyndaU,  Profestor,  D.C.L.  LL,D,  F,R.S,  (the  Author)— On  the  Action  of  Bays  ot 
High  Refrangibility  upon  Gaseous  Matter.    (Phil.  Trans.    1870.) 
On  the  Optical  Deportment  of  the  Atmosphere  in  relation  to  the  Phenomena 

of  Putrefaction  and  Infection.    (PhU.  Trans.    1876.) 
Further  Besearchee  on  the  Deportment  and  Vital  Persistence  of  PntrefactiTe 
and  Infectiye  Organisms  from  a  Physical  Point  of  View.    (PhiL  Trans. 
1877.) 
United  Service  InetUuUon,  iZoyol— Journal,  Appendix  to  VoL  XX.  Koe.  91,  92. 

8vo.    1877. 
Victoria  Institute — Transactions,  No.  42.    8yo.    1877. 

Vincent,  Chas.  W.  F.R.8.E.  F,C.8.  (the  Bittor)— Chemistry,  Theoretical,  Practical. 
and  Analytical,  as  applied  to  the  Arts  and  Mannfactoree.    By  Writm^ 
Eminence.    Division  I.    Second  edition.    Division  V.    4to.     1877. 
Vereins  tur  BefOrderung  dee  Qewerhfieieeee  in  Freueeen — ^Verhandelnngen.    Jimi, 

1877.    4to. 
Warden  of  the  Standards — Eleventh  Annnal  Beport.    8vo.    1877. 
Yorkshire  Philosophical  iSbeisty— Communications,  1876.    8vo.    1877. 
Zodogical  Society  of  London — ^Transactions,  Vol.  X.  Part  2.    4to.    1877. 
Proceedings,  1877,  Part  2.    8vo.    1877. 
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GENEBAL  MONTHLY  MEETING, 

Monday,  December  8, 1877. 

OsoBOB  Busk,  Esq.  F.B.S.  Treasurer  and  Vice-President, 
in  the  Chair. 

The  Earl  Stanhope, 
Mrp.  Bobert  S.  Faidconer, 
Colonel  Henry  Mac&rlane  Norris, 
Mrs.  Henry  Pollock, 
J.  Lyons  Sampson,  Esq. 
Miss  Elizabeth  M.  Steedman, 

were  elected  Members  of  the  Boyal  Listitution. 

The  Presbnts  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

FBOM 

The  Lords  of  ihe  ildmtrotty— Nautical  Almanao  for  1881.    8to.    1877. 
The  Lords  j^  the  CammiUee  of  Council  on  EdueatUm—OAialogae  of  the  Special 
Loan  Clolleotion  of  Scientific  Apparatos  at  the  South  Kensington  Museum. 
Srded.    8vo.    1877. 
AsiaUc  Society,  Boyai^  Bombay  Branch— Journal,  Kos.  22,  23.    ]865>7. 
British  Architects,  Rayed  Institute  o/— Sessional  Papers,  1877-8,  Kos.  1,  2.    4to. 
British  Museum,  TVtittest— Catalogue  of  Additions  to  the  MSS.  1854-75,  Vol.  II. 
8to.    1877. 

Catalogue  of  the  Ethiopio  MSS.  acquired  since  1847.    4ta    1877. 
Ck^rpentetf   W.  ^.  —  Temperature  of  the  Deep-Sea  Bottom.     (B.  Geog.  Soc. 

Proceedings,  Vol.  XXI.) 
Chemical  Society— Jonmtil,  Nov.  1877.    8vo. 
Conical  6!t)cte<y— Tranaactlons,  Vol.  X.    8vo.    1877. 
i^/tor«— American  Journal  of  Science  for  Nov.  1877.    8vo. 

Analyst  for  Nov.  1877.    8vo. 

Athenieum  for  Nov.  1877.    4to. 

Chemical  News  for  Nov.  1877.    4to. 

Engineer  for  Nov.  1877.    fol. 

Horological  Journal  for  Nov.  1877.    8vo. 

Journal  for  Applied  Science  for  Nov.  1877.    fol. 

Nature  for  Nov.  1877.    4to. 

Nautical  Ifagazine  for  Nov.  1877.    8vo. 

Pharmaceutical  Journal  for  Nov.  1877.    8vo. 

Telegraphic  Journal  for  Nov.  1877.    8vo. 
FrafikUn  InsHtuU  -Journal,  Nos.  622,  623.    8vo.    1877. 

Oairdnery  W.  T,  Af.D.— Two  Lectures:  1.  Lectures,  Books,  and  Practical  Teach- 
ing;  2.  Clinical  Teaching.    8vo.    1877. 
Geneve,  Sociiie  de  PAyw^iw— Mdmoircs,  Tome  XXV.  Partie  1.    4to.    1877. 
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CMogical  Soeiety  of  Ireland,  i^oyol— Jooraal,  New  Seriea,  Vol.  lY.  Parts  8,  4. 

8vo.    1875-7. 
Goodeve,  T.  M.  E$q.  MM  (i^  Author) -Di^  Whitworth  lieasurlng  Machine.  By 

T.  M.  Goodeve  and  0.  B.  P.  SheUey.    8vo.    1877. 
lAtmean  Soet€^— Proceedings,  No.  93.    8vo.    1877. 

Transactions :  Second  Series :  Zoology,  Vol.  I.  Parts  5,  6.    4to.    1877. 
Man<^ie$t9r  Oeciogical  fibotrfy— Transactions,  Vol.  XIV.  Part  14.    8vo.    1877. 
Medical  and  Chirurgieal  Society^  Roy<d — ^Transactions,  Vol.  LX.    8vo.    1877. 
Preueeieehe  Akademie  der  Wieaensrhaften — Monatsberichte :  Aog.    1877.    Svo. 
Boyal  Society  of  London — ^Proceedings,  No.  183.    8vo.    1877. 
BtudeO,  The  Lord  Arthur,  ir.P.~Beport  on  the  State  of  the  Boyal  Obeerratory, 

Edinburgh.    (P 12.)    fol.    1877. 
Papers  on  the  bengal  Cyclone,  31  Ooi-1  Not.  1876;    and  the  subsequent 

Cholera  Epidemic.    (P  12.)    1877. 
Stockholm,  Boyal  Academy  of  /Scmhom— Handlingar,  Bandet  XIIL  and  XIV.  1. 

1874-5.    Bihang,  Bandet  IIL    Hafte  2.    8yo.    1876. 
Ofversigt,  1876.    8vo. 
Symom,  O.  J, — ^Monthly  Meteorological  Magazine,  Not.  1877.    8vo. 
Vereine  tur  BefOrderung  dee  Gewerbfleie^ee  in  Preueeen — ^Verhandelungen.    Hefte 

7,8.    1877.    4to. 
Victoria  Jna^utd— Transactions,  No.  43.    8yo.    1877. 
Vincent,  Benjamin,  Lib,  B.L  (the  Editor) — Dictionary  of  Biography,  Past  and 

Present,  brought  down  to  September,  1877.    (Haydn  Series.)    8yo.    1877. 

The  following  arrangements  of  the  Lectures  before  Easter,  1878» 
were  announced : — 

Christmas  Lsotubbb. 

Professor  Ttndall,  D.CL.  F.R.S. — Six  Lectures  adapted  to  a  JuTenile 
Auditory,  on  Heat,  Visible  and  Invisible  ;  on  Dec.  27  (Thursday),  29,  1877 : 
Jan.  1,  3,  5,  8, 1878. 

Professor  Alfred  H.  Garrod^  M.A.  F.R.S.  —  Twelve  Lectures  on  the 
Protoplasmic  Theory  of  Life  and  its  Bearing  on  Physiology;  on  Tuesdays, 
Jan.  22  to  April  9.  ^ 

Jambs  Dewar,  Esq.  M.A.  F.R.S Twelve  Lectures  on  the  Chemistry  of  the 

Organic  World;  on  Thursdays,  Jan.  24  to  April  11. 

R.  BoswoRTH  Smith,  Esq.  M.A. — Seven  Lectures  on  Oarthage  and  the  Cartha- 
ginians ;  on  Saturdays,  Jan.  26  to  March  9c 

Rev.  W.  Houghton. — ^Three  Lectures  on  the  Natural  History  of  the  Ancients ; 
on  Saturdays,  March  16,  28,  30. 

Ernst  Pauer,  Esq. — Two  Lectures  on  the  Clavecinistes  and  their  Works 
(England  and  Italy;  France  and  Germany);  with  Musical  Illustrations;  on 
Saturdays,  April  6, 18. 
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WEEKLY  EVENING  MEETING, 

Friday,  January  25, 1878. 

Sib  W.  Fbxdkbiok  Pollook,  Bart.  M.A.  Manager,  in  the  Ohair. 

Fbovssbob  Huxlet,  LL.D.  F.B.S. 

WilUam  Harvey.* 

On  the  coming  First  of  April,  three  hundred  years  will  haye  elapsed 
since  the  hirth  of  William  Harvey,  who  is  popularly  known  as  the 
d.'jcoverer  of  the  circulation  of  the  blood. 

Many  opinions  have  been  held  respecting  the  exact  nature  and 
value  of  Harvey's  contributions  to  the  elucidation  of  the  fundamental 
problem  of  the  physiology  of  the  higher  animals ;  from  those  which 
deny  him  any  merit  at  all — ^indeed,  roundly  charge  him  with  the 
demerit  of  plagiarism — to  those  which  enthrone  him  in  a  position  of 
supreme  honour  among  great  discoverers  in  science.  Nor  has  there 
been  less  controversy  as  to  the  method  by  which  Harvey  obtained 
the  results  which  have  made  his  name  famous.  I  think  it  is  desir^ 
able  that  no  obscurity  should  hang  around  these  questions ;  and  I 
add  my  mite  to  the  store  of  disquisitions  on  Harvey  which  this  year 
is  likely  to  bring  forth,  in  the  hope  that  it  may  help  to  throw  light 
upon  several  points  about  which  darkness  has  accumulated,  partly 

by  accident  and  partly  by  design. 

•  •  «  •  • 

Aristotle's  description  of  the  heart  is  often  cited  as  an  example  of 
his  ignorance,  but  1  think  unjustly.  However  this  may  be,  it  is 
certain  that,  not  long  after  his  time,  great  additions  were  made  to 
anatomical  and  physiological  science.  The  Greek  anatomists,  ex- 
ploring the  structure  of  the  heart,  found  that  it  contained  two 
principal  cavities,  which  we  now  call  the  ventricles,  separated  by  a 
longitudinal  partition,  or  septum:  the  one  ventricle  is  on  its  left, 
the  other  on  its  right  side.  It  was  to  the  fleshy  body  which  contains 
the  ventricles  that  the  ancients  restricted  the  title  of  ''heart." 
Moreover,  there  is  another  respect  in  which  their  terminology  was  so 
different  from  that  of  the  modems,  that,  unless  we  recollect  that  the 
facts  may  be  just  as  accurately  stated  in  their  fashion  as  in  ours,  we 

*  This  disoourte  is  printed  in  full  in  the  '  Fortnightly  Review/  for  February, 
1878,  vol.  xxiii.  N.  8.  p.  167, 
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are  liable  to  fall  into  the  mistake  of  supposing  tbat  they  are  blunder- 
ing.* What  they  speak  of  as  the  anrioles  of  the  heart,  we  term  the 
appendices  of  the  auricles  ;  and  what  we  call  the  auricles  are,  for 
the  ancients,  on  the  right  side,  a  part  of  the  great  vein  or  yena  cava, 
and,  on  the  left  side,  a  part  of  the  arterial  system — the  root,  in  fact, 
of  what  they  termed  i&ke  arteria  yenosa.  Thus  they  speak  of  the 
auricles  as  mere  appendages,  or  dilatations,  situated  upon  the  arterial 
and  venous  trunks  respectively,  close  to  the  heart ;  and  they  always  say 
that  the  vena  cava  and  the  arteria  venosa  open  into  the  right  and  left 
ventricles  respectively.  And  this  was  the  basis  of  their  classification 
of  the  vessels,  for  they  held  all  those  vessels  which,  in  this  sense,  open 
into  the  right  ventricle  to  be  veins,  and  all  those  which  open  into  the 
left  ventricle  to  be  arteries.  But  here  a  difficulty  arose.  They 
observed  that  the  aorta,  or  stem  of  the  arteries,  and  all  the  con- 
spicuous branches  which  proceed  from  it  to  the  body  in  general,  are 
very  different  from  the  veins ;  that  they  have  much  thicker  walls  and 
stand  open  when  they  are  cut,  while  ihe  thin-walled  veins  collapse. 
But  the  ''  vein  *'  which  connected  the  right  ventricle  and  the  lungs 
had  the  thick  coat  of  an  artery,  while  the  ''  artery  "  which  connected 
the  left  ventricle  and  the  lungs  had  the  thin  coat  of  a  vein.  Hence 
they  called  the  former  the  vena  arterioea^  or  artery-like  vein,  and  the 
latter  the  arteria  venosa,  or  vein-like  artery. 

The  vena  arteriosa  is  what  we  call  the  pulmonary  artery,  the 
arteria  venosa  is  our  pulmonary  vein ;  but  in  trying  to  understand 
the  old  anatomists  it  is  essential  to  forget  our  nomenclature  and  to 
adopt  theirs.  With  this  precaution,  and  with  the  facts  before  our 
mind's  eye,  their  statements  will  be  found  to  be,  in  the  main,  exceed- 
ingly accurate. 

About  the  year  800  b.o.  a  great  discovery,  that  of  the  valves  of 
the  heart,  was  made  by  Erasistratus.  This  anatomist  found  around 
the  opening  by  which  the  vena  cava  communicates  with  the  right 
ventricle,  three  triangular  membranous  folds,  disposed  in  such  a 
manner  as  to  allow  any  fluid  contained  in  the  vein  to  pass  into  the 
ventricle,  but  not  back  again.  The  opening  of  the  vena  arteriosa  into 
the  right  ventricle  is  quite  distinct  from  that  of  the  vena  cava ;  and 
Erasistratus  observed  that  it  is  provided  with  three  pouch-like,  half- 
moon-shaped  valves ;  the  arrangement  of  which  is  such  that  a  fluid 
can  pass  out  of  the  ventricle  into  the  vena  arteriosa,  but  not  back 
again.  Three  similar  valves  were  found  at  the  opening  of  the  aorta 
into  the  left  ventricle.  The  arteria  venosa  had  a  distinct  opening 
into  the  same  ventricle,  and  this  was  provided  with  triangular  mem- 
branous valves,  like  those  on  the  right  side,  but  only  two  in  number. 

*  We  say  that  the  heart,  in  man  and  the  higher  animals,  oonBists  of  two 
auricles  and  two  ▼entricles ;  and  that  each  anride  has  an  appendix  in  the  form 
of  a  poach.  We  term  the  vessel  which  arises  from  the  right  ventricle  the  pul- 
monary artery,  because  it  supplies  the  lungs  with  blood.  Those  vesseU  which 
bring  away  the  blood  from  the  lungs  to  the  left  auricle,  we  call  the  pulmonary 
veins. 
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Thns  the  yentrioles  bad  fonr  openings,  two  for  each ;  and  there  were 
altogether  eleven  valTee,  disposed  in  such  a  manner  as  to  permit 
flnids  to  enter  the  yentricles  from  the  vena  cava  and  the  arteria 
yenosa  rospectiyely,  and  to  pass  out  of  the  yentrioles  by  the  yena 
arteriosa  and  the  aorta  respectively,  but  not  to  go  the  other  way. 

It  followed  from  this  capital  discovery,  that,  if  the  contents  of  the 
heart  are  flnid,  and  if  they  move  at  all,  they  can  only  move  in  one 
way ;  namely,  from  the  veiia  cava,  through  the  ventricle  and  towards 
the  lungs,  by  the  vena  arteriosa,  on  the  right  side;  and,  from  the 
lungs,  by  way  of  the  arteria  venosa,  through  the  ventricle,  and  out  by 
the  aorta  for  distribution  in  the  body,  on  the  left  side. 

Erasistratus  thus,  in  a  manner,  laid  the  foundations  of  the  theory 
of  the  motion  of  the  blood.  But  it  was  not  given  to  him  to  get  any 
further.  What  the  contents  of  the  heart  were,  and  whether  they 
moved  or  not,  was  a  point  which  could  be  determined  only  by  experi- 
ment And,  for  want  of  sufficiently  careful  experimentation,  Erasis- 
tratus strayed  into  a  hopelessly  misleading  path.  Observing  that 
the  arteries  are  usually  empty  of  blood  after  death,  he  adopted  the 
unlucky  hypothesis  that  this  is  their  normal  condition,  and  that  during 
life,  also,  they  are  filled  with  air.  And,  it  will  be  observed,  that  it  is 
not  improbable  that  Erasistratus'  discovery  of  the  valves  of  the  heart 
and  of  their  mechanical  action  strengthened  him  in  this  view.  For, 
as  the  arteria  venosa  branches  out  in  the  lungs,  what  more  likely 
than  that  its  ultimate  ramifications  absorb  the  air  which  is  inspired ; 
and  that  this  air,  passing  into  the  left  ventricle,  is  then  pumped  all 
over  the  body  through  the  aorta,  in  order  to  supply  the  vivifying 
principle  which  evidently  resides  in  the  air  ;  or,  it  may  be,  of  cooling 
the  too  great  heat  of  the  blood  ?  How  easy  to  explain  the  elastic 
bounding  feel  of  a  pulsating  artery  by  the  hypothesis  that  it  is  full  of 
air.  Had  Erasistratus  only  been  acquainted  with  the  structure  of 
insects,  the  analogy  of  their  tracheal  system  would  have  been  a  tower 
of  strength  to  him.*  There  was  no  prima  facie  absurdity  in  his 
hypothesis — and  experiment  was  the  sole  means  of  demonstrating  its 
truth  or  fitlsity. 

More  than  four  hundred  years  elapsed  before  the  theory  of  the 
motion  of  the  blood  returned  once  more  to  the  strait  road  which 
leads  truthwards ;  and  it  was  brought  back  by  the  only  possible 
method,  that  of  experiment.  A  man  of  extraordinary  genius,  Claudius 
Galenus,  of  Pergamos  (bom  in  131  a.i>.,  died  in  or  about  201),  was 
trained  to  anatomical  and  physiological  investigation  in  the  great 
schools  of  Alexandria,  and  spent  a  long  life  in  incessant  research, 
teaching,  and  medical  practice.  More  than  one  hundred  and  fifty 
treatises  from  his  pen,  on  philosophical,  literary,  scientific,  and  practi- 
cal topics,  are  extant ;  and  there  is  reason  to  believe  that  they  con- 
stitute not  more  than  a  third  of  his  works.  No  former  anatomist  had 
reached  his  excellence,  while  he  may  be  regarded  as  the  founder 
of  experimental  physiology.  And,  it  is  precisely  because  he  was  a 
master  of  the  experimental  method,  that  he  was  able  to  learn  more 
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about  the  motions  of  the  heart  and  of  the  blood  than  any  of  his 
predecessors ;  and  to  leave  to  posterity  a  legacy  of  knowledge,  which 
was  not  substantially  increased  for  more  than  thirteen  hundred 
years. 

The  conceptions  of  the  structure  of  the  heart  and  vessels,  of  their 
actions,  and  of  the  motion  of  the  blood  in  them,  which  Gk^len  enter- 
tained, are  not  stated  in  a  complete  shape  in  any  one  of  his  numerous 
works.  But  a  careful  collation  of  the  various  passages  in  which  these 
conceptions  are  expressed,  leaves  no  doubt  upon  my  mind,  that 
Galen's  views  respecting  the  structure  of  the  organs  concerned  were, 
for  the  most  part,  as  accurate  as  the  means  of  anatomical  analysis  at 
his  command  permitted ;  and  that  he  had  exact  and  consistent,  ^ough 
by  no  means  equally  just,  notions  of  the  actions  of  these  organs,  and 
of  the  movements  of  the  blood. 

Starting  from  the  fundamental  facts  established  by  Erasistratus 
respecting  the  structure  of  the  heart  and  the  working  of  its  valves, 
Oalen's  great  service  was  the  proof,  by  the  only  evidence  which  could 
possess  demonstrative  .value,  namely,  by  that  derived  from  experi- 
ments upon  living  animals,  that  the  arteries  are  as  much  full  of  blood 
during  Hfe  as  the  veins  are,  and  that  the  left  cavity  of  the  heart,  like 
the  right,  is  also  filled  with  blood. 

Galen,  moreover,  correctly  asserted,  though  the  means  of  investi- 
gation at  his  disposition  did  not  allow  him  to  prove  the  fact,  that  the 
ramifications  of  the  vena  arteriosa  in  the  substance  of  the  lungs 
communicate  with  those  of  the  arteria  venosa,  by  direct,  though 
invisible,  passages,  which  he  terms  anastomoses  ;  and  that,  by  means 
of  these  communications,  a  certain  portion  of  the  blood  of  the  right 
ventricle  of  the  heart  passes  through  the  lungs  into  the  left  ventricle. 
In  fiMst,  Galen  is  quite  clear  as  to  die  existence  of  a  current  of  blood 
through  the  lungs,  though  not  of  such  a  current  as  we  now  know 
traverses  them.  For,  while  he  believed  that  a  part  of  the  blood  of  the 
right  ventricle  passes  through  the  lungs,  and  even,  as  I  shall  show, 
described  at  length  the  mechanical  arrangements  by  which  he  sup- 
poses this  passage  to  be  effected,  he  consid^ed  that  the  greater  part  of 
the  blood  in  the  right  ventricle  passes  directly,  through  certain  pores 
in  the  septum,  into  the  left  ventricle.  And  this  was  where  Galen  got 
upon  his  wrong  track,  without  which  divergence  a  man  of  his 
scientific  insight  must  in&llibly  have  discovered  the  true  character 
of  the  pulmonary  current,  and  not  improbably  have  been  led  to 
anticipate  Harvey. 

But,  even  in  propounding  this  erroneous  hypothesis  of  the  poro- 
sity of  the  septum,  it  is  interesting  to  observe  with  what  care  Galen 
distinguishes  between  observation  and  speculation.  He  expressly 
says  that  he  has  never  seen  the  openings  which  he  supposes  to  exist, 
and  that  he  imagines  them  to  be  invisible,  by  reason  of  their  small 
size  and  their  closure  by  the  refrigeration  of  the  heart,  after  death. 
Nevertheless,  he  cannot  doubt  their  existence,  partly  because  the 
septum  presents  a  great  number  of  pits  which  obviously  lead  into  its 
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substance  as  they  narrow,  and,  as  he  is  so  fond  of  saying,  ^  Nature 
makes  nothing  in  vain ; "  and,  partly,  because  the  vena  cava  is  so 
large,  in  comparison  with  the  vena  arteriosa,  that  he  does  not  see 
how  all  the  blood  poured  into  the  yentride  could  be  got  rid  of,  if  the 
latter  were  its  only  channeL 

Thus,  for  GaloD,  the  course  of  the  blood  through  the  heart  was — 
on  the  right  side,  in  by  the  vena  cava,  out  by  the  vena  arteriosa  and 
the  pores  of  the  septum ;  on  the  left  side,  in  by  the  pores  of  the 
septum  and  by  the  arteria  venosa,  out  by  the  aorta.  What  now 
becomes  of  the  blood  which,  filling  the  vena  arteriosa,  reaches  the 
lungs?  Galen's  views  are  perfectly  definite  about  this  point.  The 
vena  arteriosa  communicates  with  the  arteria  venosa  in  the  lungs 
by  numerous  connecting  channels.  During  expiration  the  blood 
which  is  in  the  lungs,  being  compressed,  tends  to  flow  back  into  the 
heart  by  way  of  the  vena  arteriosa ;  but  it  is  prevented  from  doing 
so,  in  consequence  of  the  closure  of  the  semilunar  valves.  Hence  a 
portion  of  it  is  forced  the  other  way,  through  the  anastomoses  into 
the  arteria  venosa ;  and  then,  mixed  with  "  pneuma,"  it  is  carried  to 
the  left  ventricle,  whence  it  is  propelled,  through  the  aorta  and  its 
branches,  all  over  the  body. 

Galen  not  only  took  great  pains  to  obtain  experimental  proof  that, 
during  life,  all  the  arteries  contain  blood  and  not  air,  as  Erasistratus 
supposed ;  but  he  distinctly  afi&rms  that  the  blood  in  the  left  ventricle 
and  in  the  arteria  venosa  is  di£ferent  from  that  in  the  right  ventricle 
and  in  the  veins,  including  the  vena  arteriosa ;  and  that  the  differ* 
ence  between  the  two  lies  in  colour,  heat,  and  the  greater  quantity 
of  '*  pneuma  "  contained  in  arterial  blood.  Now  this  *'  pneuma  **  is 
something  acquired  by  the  blood  in  the  lungs.  The  air  which  is 
inspired  into  these  organs  is  a  kind  of  aliment  It  is  not  taken 
bodily  into  the  arteria  venosa  and  thence  carried  to  the  left  ventricle 
to  fill  the  arterial  system,  as  Erasistratus  thought.  On  the  contrary, 
Galen  repeatedly  argues  that  this  cannot  l^  the  case,  and  often 
refers  to  his  experimental  proofs  that  the  whole  arterial  system 
is  full  of  blood  during  life.  But  the  air  supplies  a  material  kindred 
to  the  ''pneuma,"  out  of  which  and  the  blood  the  ''pneuma"  is 
concocted.  Hence  the  contents  of  the  arteria  venosa  are  largely 
composed  of  "  pneuma,"  and  it  is  out  of  the  mixture  of  this  with  the 
blood  which  filters  through  the  septum,  that  the  bright  "  pneumatic  " 
blood  found  in  the  arteries,  and  by  them  distributed  over  the  body, 
is  formed.  The  arteria  venosa  is  a  channel  by  which  "pneuma" 
reaches  the  heart,  but  this  is  not  its  exclusive  function ;  for  it  has, 
at  the  same  time,  to  allow  of  the  passage  of  certain  fuliginous  and 
impure  matters  which  the  blood  contains,  in  the  opposite  direction ; 
and  it  is  for  this  reason  that  there  are  only  two  valves  where 
the  arteria  venosa  enters  the  ventricle.  These  not  fitting  quite 
tightly,  allow  of  the  exit  of  the  fuliginous  matters  in  question. 

Modem  commentators  are  fond  of  pouring  scorn  upon  Galen, 
because  he  holds  that  the  heart  is  not  a  muscle.     But  if  what  he 
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says  on  this  subject  is  studied  with  care  and  impartiality,  and  with 
due  recollection  of  the  fact  that  Galen  was  not  obliged  to  use  the  ter- 
minology of  the  nineteenth  century,  it  will  be  seen  that  he  by  no 
means  deserves  blame,  but  rather  praise  for  his  critical  discnmination 
of  things  which  are  reially  unlike. 

All  that  Galen  affirms  is  that  the  heart  is  totally  unlike  one  of  the 
ordinary  muscles  of  the  body,  not  only  in  structure,  but  in  being 
independent  of  the  control  of  the  will ;  and,  so  far  from  doubting 
that  the  walls  of  the  heart  are  made  up  of  active  fibres,  he  expressly 
describes  these  fibres  and  wbat  he  supposes  to  be  their  arrangement 
and  their  mode  of  action.  The  fibres  are  of  three  kinds,  longitudinal, 
transverse,  and  oblique.  The  action  of  the  longitudinal  fib^;es  is  to 
draw  in,  that  of  the  circular  fibres  to  expel,  and  that  of  the  oblique 
fibres  to  retain  the  contents  of  the  heart.  How  Galen  supposed  the 
oblique  fibres  could  execute  the  function  ascribed  to  them  I  do  not 
know ;  but  it  is  clear  that  he  thought  that  the  activity  of  the  circular 
fibres  increased,  and  that  of  the  longitudinal  fibres  diminished,  the 
size  of  the  cavities  which  they  surrounded.  Nowadays  we  term  an 
active  fibre  muscular ;  Galen  did  not,  unless,  in  addition,  it  possessed 
the  characters  of  voluntary  muscle. 

According  to  Galen,  the  arteries  have  a  systole  and  diastole  (that 
is,  a  state  of  contraction  and  a  state  of  dilatation),  which  alternate 
with  those  of  the  ventricles,  and  depend  upon  active  contractions  and 
dilatations  of  their  walls.  This  active  faculty  of  the  arteries  is 
inherent  in  them,  because  they  are,  as  it  were,  productions  of  the 
substance  of  the  ventricles  which  possess  these  Acuities ;  and  it  is 
destroyed  when  the  vital  continuity  of  the  arteries  with  the  heart  is 
destroyed  by  section  or  ligature.  The  arteries  fill,  therefore,  as 
bellows  fill,  not  as  bags  are  blown  full. 

The  ultimate  ramifications  of  the  arteries  open  by  anastomoses 
into  those  of  the  veins  all  over  the  body ;  and  the  vivifying  arterial 
blood  thus  communicatee  its  properties  to  the  great  mass  of  blood  in 
the  veins.  Under  certain  conditions,  however,  the  blood  may  flow 
from  the  veins  to  the  arteries,  in  proof  of  which  Galen  adduces 
the  fact  that  the  whole  vascular  system  may  be  emptied  by  opening 
an  artery. 

The  two  ventricles,  the  auricles,  the  pulmonary  vessels,  and  the 
aorta  with  its  branches,  are  conceived  by  the  Greek  anatomist  to  be  an 
apparatus  superadded  to  the  veins,  which  he  regards  as  the  essential 
foundation  and  the  most  important  part  of  the  whole  vascular  system. 
No  portion  of  Galen's  doctrines  has  been  more  sharply  criticised 
than  his  persistent  refusal  to  admit  that  the  veins,  like  the  arteries, 
take  their  origin  in  the  heart,  and  his  advocacy  of  the  view  that 
the  fons  ei  arigo  of  the  whole  venous  system  is  to  be  sought  in 
the  liver.  Here,  however,  I  must  remark  that  it  is  only  those  who 
are  practically  ignorant  of  the  facts  who  can  fail  to  see  that  Galen's 
way  of  stating  the  matter  is  not  only  anatomically  justifiable,  but  that, 
until  the  true  nature  of  the  circulation  was  understood,  and  physio- 
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logical  conBiderationB  overrode  those  based  npon  mere  Btractnre,  there 
was  much  more  to  be  said  for  it  than  for  the  opposite  fashion. 

Bemembering  that  what  we  call  the  right  auricle  was  for  Gkilen  a 
mere  part  of  the  vena  cava,  it  is  impossible  not  to  be  stmck  by  the 
justice  of  his  striking  comparison  of  the  vena  cava  to  the  trunk  of  a 
tree,  the  roots  of  which  enter  the  liver  as  their  soil,  while  the 
branches  spread  all  over  the  body.  Oalen  remarks  that  the  existence 
of  the  vena  portaB,  which  gathers  blood  from  the  alimentary  canal,  and 
then  distributes  it  to  the  liver  without  coming  near  the  heart,  is  a 
fatal  objection  to  the  view  of  his  opponents,  mat  all  the  veins  take 
their  rise  in  the  heart ;  and  the  argument  is  unanswerable  so  far  as 
the  mere  anatomical  facts  are  concerned. 

Nothing  could  have  appeared  more  obvious  to  the  early  anato- 
mists than  that  the  store  of  nutriment  carried  by  the  vena  ported 
to  the  liver  was  there  elaborated  into  blood ;  and  then,  being  absorbed 
by  the  roots  of  the  venous  system,  was  conveyed  by  its  branches  all 
over  the  body.  The  veins  were  thus  the  great  distributors  of  the 
blood ;  the  heart  and  arteries  were  a  superadded  apparatus  for  the 
dispersion  of  a  "  pneumatized/'  or  vivified  portion  of  the  blood 
through  the  arteries ;  and  this  addition  of  ^  pneuma,"  or  vivification, 
took  place  in  the  gills  of  water-breathing  animals  and  in  the  lungs 
of  air-breathers.  But  in  the  latter  case  the  mechanism  of  respira- 
tion involved  the  addition  of  a  new  apparatus,  the  right  ventricle, 
to  ensure  the  constant  flow  of  blood  through  these  organs  of 
**  pneumatization." 

Every  statement  in  the  preceding  paragraphs  can  be  justified  by 
'  citations  from  Gk^len's  works;  and,  therefore,  it  must  be  admitted 
that  he  had  a  wonderfully  correct  conception  of  the  structure  and 
disposition  of  the  heart  and  vessels,  and  of  the  mode  in  which  the 
ultimate  ramifications  of  the  latter  communicate,  both  in  the  body 
generally  and  in  the  lungs ;  that  his  general  view  of  the  functions  of 
the  heart  was  just ;  and  tiiat  he  knew  that  blood  passes  from  the  right 
side  of  the  heart,  through  the  lungs,  to  the  left  side,  and  undergoes  a 
great  change  in  quality,  brought  about  by  its  relation  with  the  air  in 
the  lungs,  in  its  course.  It  is  unquestionable,  therefore,  that  Ghden, 
80  far,  divined  the  existence  of  a  "  pulmonary  circulation,"  and  that 
he  came  near  to  a  just  conception  of  the  process  of  respiration ;  but 
he  had  no  inkling  even  of  the  systemic  circulation;  he  was  quite 
wrong  about  the  perforation  of  the  septum;  and  his  theory  of  the 
mechanical  causes  of  the  systole  and  diastole  of  the  heart  and  arteries 
was  erroneous.  Nevertheless,  for  more  than  thirteen  centuries,  Qalen 
was  immeasurably  in  advance  of  all  other  anatomists;  and  some  of 
his  notions,  such  as  that  about  the  active  dilatation  of  the  walls  of  the 
vessels,  have  been  debated  by  physiologists  of  the  present  generation. 
No  one  can  read  Galen's  worki  without  being  impressed  by  the 
marvellous  extent  and  diversity  of  his  knowledge,  and  by  his  clear 
grasp  of  those  experimental  methods  by  which,  alone,  physiology  can 
be  advanced. 
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The  student  of  the  works  of  the  anatomists  and  physiologistB  of 
modem  Europe  in  the  fifteenth  and  the  heginning  of  the  sixteenth 
centuries,  wiU  find  that  they  were  chiefly  occupied  in  learning  of 
their  own  knowledge  what  Oalen  knew.  It  is  not  strange,  therefiire, 
that  they  were  OTerpowered  hy  so  vast  a  genius,  and  that  they  allowed 
themselves  to  he  enslaved  by  his  authority,  in  a  manner  which  he 
would  have  been  the  first  to  reprove.  Yesalius,  the  great  reformer  of 
anatomy,  had  a  bitter  struggle  to  carry  on  Qalen's  work,  by  showing 
where  he  had  erred  in  expounding  the  structure  of  the  human  body, 
on  the  faith  of  observations  made  on  the  lower  animals ;  but  it  was 
not  till  the  middle  of  the  sixteenth  century,  that  anything  was  done 
to  improve  on  Galen's  physiology,  and  especially  to  amend  his 
doctrines  concerning  the  movements  of  the  heart  and  of  the  blood. 

The  first  step  in  this  direction  is  very  generally  ascribed  to 
Michael  Servetus,  *  *  *  who  was  undoubtedly  well  acquainted  with 
anatomy,  inasmuch  as  he  was  demonstrator  to  Joannes  Guinterus  in  the 
School  of  Paris,  where  he  had  Yesalius  for  his  colleague ;  and,  in  his 
later  years,  he  practised  as  a  physician.  Hence  it  is  not  wonderful  to 
find  that  the  *  Christianismi  Restitutio,'  although  essentially  a  farrago 
of  scatterbrained  theological  speculations,  contains  much  physiological 
matter.  And  it  is  in  developing  his  conception  of  the  relations 
between  God  and  man,  that  Servetus  wrote  the  well-known  passages 
on  which  many  have  asserted  his  claim  to  the  discovery  of  the  course 
of  the  blood  from  tiie  heart,  through  the  lungs,  and  bade  to  the  heart ; 
or  what  is  now  termed  the  pulmonary  circulation.  I  have  studied 
the  passages  in  question  with  great  care,  and  with  every  desire  to 
give  Servetus  his  due,  but  I  coiiess  I  cannot  see  that  he  made  mudi 
advance  upon  Galen.  As  we  have  seen,  Galen  said  that  some  blood 
goes  to  the  left  side  of  the  heart  from  the  right  side  through  the  lungs, 
but  that  the  greater  part  traverses  the  septum.  Servetus  appears,  at 
first,  to  declare  that  all  the  blood  of  the  right  side  goes  through  the 
lungs  to  the  left  side,  and  that  the  septum  is  imperforate.  But  he 
quaHfies  his  assertion  by  admitting  that  some  of  the  blood  of  the  right 
ventricle  may  transude  through  the  septum,  and  thus  the  question 
between  him  and  GkJen  becomes  merely  one  of  degree.  Servetus 
cites  neither  observation  nor  experiment  in  &vour  of  the  impervious- 
ness  of  the  septum ;  and  the  impression  upon  my  mind  is  that  he 
really  knew  no  more  than  Yesalius  had  already  published,  but  that 
the  tendency  to  headlong  speculation,  which  is  so  characteristic  of  the 
man,  led  hun  to  rush  in  where  his  more  thoughtful  colleague  held 

back. 

♦  ♦  •  ♦  ♦ 

The  first  author  who  declared,  without  any  qualification,  that  the 
septum  of  the  ventricles  is  imperforate,  and  that  all  the  blood  of  the 
right  ventricle  traverses  the  lungs  and  (except  so  much  as  may  be 
retained  for  the  nutrition  of  these  organs)  passes  to  the  left  ventricle, 
was  Bealdus  Columbus,  professor  of  anatomy  in  the  fEunous  school  of 
Padua.    The  remarkable  treatise,  *De  Be  Anatomica,'  of  this  able 
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anatomist,  was  published  in  1559,  or  only  six  years  after  the  death  of 
Bervetas,  of  whose  notions  there  is  no  evidence  that  Oolumbus  had 
any  cognizance.  Moreover,  Oolumbns,  as  able  an  experimenter  as  he 
was  a  skilful  dissector,  deals  with  the  question  in  a  very  different  way 
from  Servetus ;  so  that,  from  his  time,  the  existence  of  the  pulmonary 
circulatioii,  in  the  modem  sense,  may  be  said  to  have  become  estar 
blished.  Ambrose  Pare,  the  great  surgeon,  writing  in  1579,  refers  to 
the  course  of  the  blood  through  the  lungs  as  notoriously  the  discovery 
of  Oolumbus.  And  I  think  not  only  that  Realdus  Columbus  is 
entitled  to  the  whole  credit  of  this  very  considerable  advance  upon 
Galen's  views ;  but  that  he  is  the  only  physiologist,  between  the  time 
of  Galen  and  that  of  Harvey,  who  made  any  important  addition  to  the 
theory  of  the  circulation. 

The  claim  which  is  put  forward  on  behalf  of  the  celebrated 
botanist,  GsBsalpinus,  appears  to  me  to  be  devoid  of  any  foundation. 
Many  years  after  the  publication  of  the  work  of  Bealdus  Columbus, 
who  was  professor  at  the  most  famous  and  most  frequented  anatomical 
school  of  the  time,  and  who  assuredly  was  the  last  man  to  hide  his 
light  under  a  bushel,  Csesalpinus  incidentally  describes  the  pulmonary 
circulation  in  terms  which  simply  embody  a  statement  of  Columbus  s 
doctrine;  adding  nothing,  and,  to  his  credit  be  it  said,  claiming 
nothing.  Like  all  the  rest  of  the  world  since  venesection  was  in- 
vented, Cadsalpinus  noticed  that  the  vein  swells  on  the  side  of  the 
ligature  away  from  the  heart;  and  he  observes  that  this  is  incon- 
sistent with  the  received  views  of  the  motion  of  the  blood  in  the  veins. 
If  he  had  followed  up  the  suggestion  thus  made  to  him  by  the  needful 
experimental  investigation,  he  might  have  anticipated  Harvey;  but 
he  did  not. 

Again,  Cannani  discovered  the  existence  of  valves  in  some  of  the 
veins  in  1547;  and  Fabricius  rediscovered  them,  and  pronunently 
drew  attention  to  their  mechanism,  in  1574.  Nevertheless,  this  dis- 
covery, important  as  it  was,  and  widely  as  it  became  known,  had 
absolutely  no  effect  in  leading  either  the  discoverers  or  their  con- 
temporaries to  a  correct  view  of  the  general  circulation.  In  common 
with  all  the  anatomists  of  the  sixteenth  century,  Fabricius  believed 
that  the  blood  proceeded  from  the  main  trunk,  or  vena  cava,  outwards 
to  the  smallest  ramifications  of  the  veins,  in  order  to  subserve  the 
nutrition  of  the  parts  in  which  they  are  distributed ;  and,  insi^  of 
being  led  by  the  mechanical  action  of  the  valves  to  reverse  his  theory 
of  the  course  of  the  venous  blood,  he  was  led  by  the  dominant  theory 
of  the  course  of  the  blood  to  interpret  the  meaning  of  the  valvular 
mechanism.  Fabricius,  in  fact,  considered  that  the  office  of  the  valves 
was  to  break  the  impetus  of  the  venous  blood,  and  to  prevent  its 
congestion  in  the  organs  to  which  it  was  sent;  and,  until  the  true 
course  of  the  blood  was  demonstrated,  this  was  as  likely  an  hypothesis 
as  any  other. 

The  best  evidence  of  the  state  of  knowledge  respecting  the  motions 
of  the  heart  and  blood  in  Harvey's  time  is  afforded  by  those  works  of 


Digitized  by  VjOOQIC 


494  Professor  Huxley  [Jan.  25, 

bis  oontemporariee  wbicli  immediatelj  preceded  the  publication  of  the 
*  Exercitatio  Anatomica,'  in  1628.*  And  none  can  be  more  fitly  cited 
for  this  purpose  than  the  *  De  Homani  Corporis  Fabrica,  Libri  decern/ 
of  Adrian  van  den  Spieghel,  who,  like  Harvey,  was  a  pupil  of  Fabri- 
oius  of  Aquapendente,  and  was  of  such  distinguished  ability  and 
learning  that  he  succeeded  his  master  in  the  chair  of  anatomy  of 
Fadua. 

Van  den  Spieghel,  or  Spigelius,  as  he  called  himself,  in  accordance 
with  the  fashion  of  those  days,  died  comparatively  young  in  1625, 
and  his  work  was  edited  by  his  friend  Daniel  Bacretias,  whose 
preface  is  dated  1627.  The  accounts  of  the  heart  and  vessels,  and 
of  the  motion  of  the  blood,  which  it  contains,  are  full  and  clear ; 
but,  beyond  matters  of  detail,  they  go  further  than  Galen  in  only  two 
points;  and  with  respect  to  one  of  these,  Spigelius  was  in  error. 
The  first  point  is  the  *'  pulmonary  circulation,"  which  is  taught  as 
Columbus  taught  it  nearly  eighty  years  before.  The  second  point 
is,  so  far  as  I  know,  peculiar  in  Spigelius  himself.  He  thinks  that 
the  pulsation  of  the  arteries  has  an  efiect  in  promoting  the  motion  of 
the  blood  contained  in  the  veins  which  accompany  them.  Of  the 
true  course  of  the  blood  as  a  whole,  Spigelius  has  no  more  suspicion 
than  had  any  other  physiologist  of  that  age,  except  William  Harvey ; 
no  rumour  of  whose  lectures  at  the  College  of  Physicians,  commenced 
six  years  before  SpiegheFs  death,  was  likely  in  those  days  of  slow 
communication  and  in  the  absence  of  periodical  publications  to  have 
reached  Italy. 

Now  let  anyone  familiar  with  the  pages  of  Spigelius  take  up 
Harvey's  treatise  and  mark  the  contrast.  The  main  object  of  the 
'  Exercitatio '  is  to  put  forth  and  demonstrate,  by  direct  experimental 
and  other  accessory  evidence,  a  proposition  which  is  far  from  being 
even  hinted  at,  either  by  Spigelius  or  by  any  of  his  contemporaries  or 
predecessors ;  and  which  is  in  diametrical  contradiction  to  the  views 
respecting  the  course  of  the  blood  in  the  veins  which  are  expounded 
in  their  works.  From  Gralen  to  Spigelius,  they  one  and  all  believed 
that  the  blood  in  the  vena  cava  and  its  branches  flows  from  the  main 
trunk  towards  the  smallest  ramifications.  There  is  a  similar  con- 
sensus in  the  doctrine,  that  the  greater  part,  if  not  the  whole,  of  the 
blood  thus  distributed  by  the  veins  is  derived  from  the  liver;  in 
which  organ  it  is  generated  out  of  the  materials  brought  from  the 
alimentary  canal  by  means  of  the  vena  portsB.  And  all  Harvey's  pre- 
decessors further  agree  in  the  belief  that  only  a  small  fraction  of  the 

*  The  whole  title  of  the  copy  of  the  rare  first  edition  in  the  library  of  the 
College  of  Physicians  rans,  **  Exercitatio  Anatomica  de  Motu  Cordis  et  Sanguinis 
in  Auimalibus.  Qulielmi  HarvsBi,  Angli  Medici  Kegii  et  Professoris  AnatomiiB 
in  CoUegio  Mediuoniin  Londintnsi.  Francofurti,  sumptibns  (Qulielmi  Fitseri. 
Anno  MDCXXYlil."  The  dedications,  of  which  that  to  Charles  I.  is  pasted  in, 
as  if  it  hud  been  an  afterthought,  extend  to  p.  9 ;  the  Proosmium  to  p.  19 ;  while 
the  Exercitatio  itself  ooonpies  pp.  20  to  72  inclusively.  There  are  two  plates 
illustrative  of  experiments  on  the  veins  of  the  arm. 
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total  mass  of  the  yenons  blood  is  oonyeyed  by  the  yena  arteriosa  to 
the  longs  and  passes  by  the  arteria  yenosa  to  the  left  yentricle,  thenoe 
to  be  distributed  over  the  body  by  the  arteries.  Whether  some 
portion  of  the  refined  and  ^  pneumatic "  arterial  blood  trayersed  the 
anastomotio  channels,  the  existence  of  which  was  assumed,  and  so 
reached  the  systemic  yeins ;  or  whether,  on  the  contrary,  some  portion 
of  the  yenous  blood  made  its  entrance  by  the  same  passages  into  the 
arteries,  depended  upon  circumstances.  Sometimes  tiie  current  might 
set  one  way,  sometimes  the  other. 

In  direct  opposition  to  these  uniyersally  receiyed  yiews,  Haryey 
asserts  that  the  natural  course  of  the  blood  in  the  yeins  is  from  the 
peripheral  ramifications  towards  the  main  trunk;  that  the  mass  of 
the  blood  to  be  found  in  the  yeins  at  any  moment  was,  a  short  time 
before,  contained  in  the  arteries,  and  has  simply  flowed  out  of  the 
latter  into  the  yeins;  and,  finally,  that  the  stream  of  blood  which 
runs  from  the  arteries  into  the  yeins  is  constanti  continuous,  and 
rapid. 

According  to  the  yiew  of  Haryey's  predecessors  *  the  yeins  may 
be  compared  to  larger  and  smaller  canals,  fed  by  a  spring  which 
trickles  into  the  chief  canals,  whence  the  water  flows  to  the  rest.  The 
heart  and  lungs  represent  an  engine  set  up  in  the  principal  caoal  to 
aerate  some  of  the  water  and  scatter  it  all  oyer  the  garden.  Whether 
any  of  this  identical  water  came  back  to  the  engine  or  not  would  be  a 
matter  of  chance,  and  it  would  certainly  haye  no  sensible  effect  on 
the  motion  of  the  water  in  the  canals.  In  Haryey*s  conception  of 
the  matter,  on  the  other  hand,  the  garden  is  watered  by  channels 
so  arranged  as  to  form  a  circle,  two  points  of  which  are  occupied  by 
propulsiye  engines.  The  water  is  kept  moying  in  a  continual  round 
within  its  channels,  as  much  entering  the  engines  on  one  side,  as 
leayes  them  on  the  other ;  and  the  motion  of  the  water  is  entirely 
due  to  the  engines. 

It  is  in  conceiying  the  motion  of  the  blood,  as  a  whole,  to  be 
circular,  and  in  ascribing  that  circular  motion  simply  and  solely  to 
the  contractions  of  the  walls  of  the  heart,  that  Haryey  is  so  com- 
pletely original.  Before  him,  no  one,  that  I  can  discoyer,  had  oyer 
so  much  as  dreamed  that  a  giyen  portion  of  the  blood  contained,  for 
example,  in  the  right  yentricle  of  the  heart  may,  by  the  mere 
mechanical  operation  of  the  working  of  that  organ,  be  made  to 
return  to  the  yery  place  from  which  it  started,  after  a  long  journey 
through  the  lungs  and  through  the  body  generally.  And,  it  should 
be  remembered,  that  it  is  to  £is  complete  circuit  of  the  blood  alone, 
that  the  term  '*  circulation  "  can,  in  strictness,  be  applied.  It  is  of 
the  essence  of  a  circular  motion  that  that  which  moyes  returns  to 
the  place  from  whence  it  started.  Hence,  the  discoyery  of  the  course 
of  the  blood  from  the  right  yentricle,  through  the  lungs  to  the  left 

*  See  the  compariaon  of  the  yeins  to  the  canals  for  irrigating  a  garden  in 
Galen,  *  De  Natnralibns  Facultatibua,'  lib.  iii  cap.  xy. 
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yentride  was  in  nowise  an  anticipation  of  the  disooyery  of  the  circula- 
tion of  the  blood.  For  the  blood  which  trayerses  this  part  of  its 
course  no  more  describes  a  circle,  than  the  dweller  in  a  street  who 
goes  out  of  his  own  house  and  enters  his  next-door  neighbour's  does 
so.  Although  there  may  be  nothing  but  a  party  wall  between  him 
and  the  room  he  has  just  left,  it  constitutes  an  efficient  defense  de 
circuler.  Thus,  whateyer  they  may  haye  known  of  the  so-called 
pulmonary  circulation,  to  say  that  Seryetus,  or  Columbus,  or  GflBsal- 
pinus,  deseryes  any  share  of  tlie  credit  which  attaches  to  Haryey, 
appears  to  me  to  be  to  mistake  the  question  at  issue. 

It  must  further  be  borne  in  mind,  that  the  determination  of  the 
true  course  taken  by  the  whole  mass  of  the  blood  is  only  the  most 
conspicuous  of  the  discoyeries  of  Harvey ;  and  that  his  analysis  of  the 
mechanism  by  which  the  circulation  is  brought  about  is  far  in  advance 
of  anything  which  had  previously  been  published.  For  the  first 
time  it  is  shown  that  the  walls  of  the  heart  are  active  only  during  its 
systole  or  contraction,  and  that  the  dilatation  of  the  heart  in  the  diastole 
is  purely  passive.  Whence  it  follows,  that  the  impulse  by  which  the 
blood  is  propelled  is  a  ri«  d  tergo^  and  that  the  blood  is  not  drawn 
into  the  heart  by  any  such  inhalent  or  suctorial  action,  as  not  only 
the  predecessors,  but  many  of  the  successors  of  Harvey  imagined  it 
to  possess. 

Harvey  is  no  less  original  in  his  view  of  the  cause  of  the  arterial 
pulse.  In  contrayention  of  Galen  and  of  all  other  anatomists  up  to 
his  own  time,  he  affirms  that  the  stretching  of  the  arteries  which 
gives  rise  to  the  pulse  is  not  due  to  the  active  dilatation  of  their  walls, 
but  to  their  passive  distension  by  the  blood  which  is  forced  into 
them  at  each  beat  of  the  heart ;  reversing  Galen's  dictum,  he  says 
that  they  dilate  as  bags  and  not  as  bellows.  This  point  of  funda- 
mental, practical,  as  well  as  theoretical,  importance  is  most  admirably 
demonstrated,  not  only  by  experiment,  but  by  pathological  illus- 
trations. 

One  of  the  weightiest  arguments  in  Harvey's  demonstration  of  the 
circulation  is  based  upon  the  comparison  of  the  quantity  of  blood 
driven  out  of  the  heart,  at  each  beat,  with  the  total  quantity  of  blood 
in  the  body.  This,  so  far  as  I  know,  is  the  first  time  that  quanti- 
tative considerations  are  taken  into  account  in  the  discussion  of  a 
physiological  problem.  But  one  of  the  most  striking  differences 
between  ancient  and  modem  physiological  science,  and  one  of  the 
chief  reasons  of  the  rapid  progress  of  physiology  in  the  last  half 
century,  lies  in  the  introduction  of  exact  quantitative  determination 
into  physiological  experimentation  and  observation.  The  modems 
use  means  of  accurate  measurement,  which  their  forefathers  neither 
possessed  nor  could  conceive,  inasmuch  as  they  are  products  of 
mechanical  skill  of  the  last  hundred  years,  and  of  the  advance  of 
branches  of  science  which  hardly  existed,  even  in  germ,  in  the  seven- 
teenth century. 

Haying  attained  to  a  knowledge  of  the  circulation  of  the  blood. 
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and  of  the  conditions  on  which  its  motion  depends,  Harvey  had  a 
ready  deductiye  solution  for  problems  which  had  puzzled  the  older 
physiologists.  Thus  the  true  significance  of  the  yalyes  in  the  veins 
became  at  once  apparent.  Of  no  importance  while  the  blood  is 
flowing  in  its  normal  course  towards  the  heart,  they  at  once  oppose 
any  accidental  reversal  of  its  current,  which  may  arise  from  the  pressure 
of  adjacent  muscles,  or  the  like.  And,  in  like  manner,  the  swelling 
of  the  veins  on  the  further  side  of  the  ligature,  which  so  much 
troubled  GaBsalpinus,  became  at  once  intelligible,  as  the  natural  result 
of  the  damming  up  of  the  returning  current 

In  addition  to  the  great  positive  results  which  are  contained  in  the 
treatise  which  Harvey  modestly  calls  an  *  Exercise,'  and  which  is,  in 
truth,  not  so  long  as  many  a  pamphlet  about  some  wholly  insignificant 
afiair,  its  pages  are  characterized  by  such  precision  and  simplicity  of 
statement,  such  force  of  reasoning,  and  such  a  clear  comprehension  of 
the  methods  of  inquiry  and  of  tihe  logic  of  physical  science,  that  it 
holds  a  unique  rank  among  physiological  monographs.  Under  this 
aspect,  I  think  I  may  fedrly  say  that  it  has  rarely  been  equalled  and 
never  surpassed. 

Such  being  the  state  of  knowledge  among  his  contemporaries,  and 
such  the  immense  progress  efiected  by  Harvey,  it  is  not  wonderful 
that  the  publication  of  the  '  Exercitatio '  produced  a  profound  sensa- 
tion. And  the  best  indirect  evidence  of  Uie  originality  of  its  author, 
and  of  the  revolutionary  character  of  his  views,  is  to  be  found  in  the 
multiplicity  and  the  virulence  of  the  attacks  to  which  they  were  at 
once  subjected. 

Biolan,  of  Paris,  had  the  greatest  reputation  of  any  anatomist  of 
those  days,  and  he  followed  i£e  course  which  is  usually  adopted  by 
the  men  of  temporary  notoriety  towards  those  of  enduring  fame. 
According  to  Biolan,  Harvey's  theory  of  the  circulation  was  not 
true ;  and  besides  that,  it  was  not  new ;  and,  furthermore,  he  invented 
a  mongrel  doctrine  of  his  own,  composed  of  the  old  views  with  as 
much  of  Harvey's  as  it  was  safe  to  borrow,  and  tried  therewith  to  fish 

credit  for  himself  out  of  the  business. 

«  «  •  «  « 

Even  those  who  gave  Harvey  their  general  approbation  and 
support  sometimes  failed  to  apprehend  the  vaJue  of  some  of  those  parts 
of  his  doctrine  which  are,  indeed,  merely  auxiliary  to  the  theory 
of  the  circulation,  but  are  only  a  little  less  important  than  it. 
Harvey's  great  friend  and  champion.  Sir  George  Ent,  is  in  this  case ; 
and  I  am  sorry  to  be  obliged  to  admit  that  Descartes  falls  under  the 
same  reprehension.  This  great  philosopher,  mathematician,  and 
physiologist,  whose  conception  of  the  phenomena  of  life  as  the  results 
of  mechanism  is  now  playing  as  great  a  part  in  physiological  science 
as  Harvey's  own  discovery,  never  fails  to  speak  with  admiration,  as 
Harvey  gratefully  acknowledges,  of  the  new  theory  of  the  circulation. 
And  it  is  astoui^ng,  I  had  almost  said  humiliating,  to  find  that  even 
he  is  unable  to  grasp  Harvey's  profoundly  true  view  of  the  nature  of 
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ihe  systole  and  the  diastole,  or  to  see  the  force  of  the  quantitative 
argument.  He  adduces  experimental  evidence  against  the  former 
position,  and  is  even  further  from  the  truth  than  Gkden  -was  in  his 
ideas  of  the  physical  cause  of  the  circulation. 

In  spite  of  all  opposition,  the  doctrine  of  the  circulation  pro- 
pounded by  Harvey  was,  in  its  essential  features,  universally  adopted 
within  thirty  years  of  the  time  of  its  publication.  Harvey's  friend, 
Thomas  Hobbes,  remarked  that  he  was  the  only  man^  in  his  experience, 
who  had  the  good  fortune  to  live  long  enough  to  see  a  new  doctrine 
accepted  by  the  world  at  large. 


I  proposed  at  the  outset  of  this  discourse  to  say  something  about 
the  method  of  inquiry  which  Harvey  pursued,  and  which  guided  him 

throughout  his  successful  career  of  discovery. 

«  «  «  «  « 

On  the  faith  of  a  conversation  reported  by  Bobert  Boyle,  Harvey 
is  said  to  have  declared  that  he  discovered  the  circulation  of  the 
blood  by  reasoning  deductively  from  the  disposition  of  the  valves  of 
the  veins.  On  this  I  may  remark,  firstly,  that  the  words  imputed  to 
Harvey  by  no  means  warrant  this  conclusion ;  secondly,  that  if  they 
did,  the  statement  could  not  be  true,  because  we  have  Harvey's 
own  evidence  to  the  contrary;  and  thirdly,  that  if  the  conclusion 
were  warranted  by  the  words  reported,  and  were  not  contradicted 
by  Harvey  himself,  it  would  still  be  worthless,  because  it  is  im- 
possible to  prove  the  circulation  of  the  blood  from  any  such  data. 
What  Robert  Boyle  says  is  this : — ^'  And  I  remember,  that  when  I 
asked  our  famous  Harvey,  in  the  only  discourse  I  had  with  him 
(which  was  but  a  while  before  he  died),  what  were  the  things  that 
induced  him  to  think  of  a  circulation  of  the  blood?  he  answered 
me,  that  when  he  took  notice  that  the  valves  in  the  veins  of  so  many 
parts  of  the  body  were  so  placed,  that  they  gave  free  passage  to  the 
blood  towards  the  heart,  but  opposed  the  passage  of  the  venal  blood 
the  contrary  way:  he  was  invited  to  imagine  that  so  provident  a 
cause  as  nature  had  not  so  placed  so  many  valves  without  design ; 
and  no  design  seemed  more  probable,  than  that  since  the  blood 
could  not  well,  because  of  the  interposing  valves,  be  sent  by  the  veins 
to  the  limbs,  it  should  be  sent  through  the  arteries  and  return  through 
the  veins,  whose  valves  did  not  oppose  its  course  that  way."* 

I  have  no  doubt  that  it  may  be  quite  true,  that  Harvey  was 
*' induced"  to  '* think  of  a  circulation  of  the  blood"  by  considering 
the  disposition  of  the  valves  of  the  veins ;  just  as  Csssalpinus  might 
have  been  led  to  the  same  thought ;  and  then  might  have  found  out 
the  true  state  of  the  case,  if  he  had  taken  the  hints  which  nature  gave 
him,  and  had  used  the  proper  means  of  investigation  in  order  to 

•  A  DiaquiBition  about  the  Final  Oauaea  of  Natural  Things.— Boyle*8  Works, 
vol.  V.  p.  427. 
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discover  whether  those  hints  were  valuable  or  worthless.  Harrey 
must  have  learned  the  views  of  his  master  Fabricins ;  and  it  is 
likely  enough  that  to  his  acute  mind  Fabricius*s  explanation  of  the 
functions  of  the  valves  seemed  rather  lame.  But,  as  a  matter  of 
fiEMst,  Harvey  did  not  reason  out  the  circulation  from  the  datum  of  the 
valves.  On  this  point  his  own  words,  in  the  passage  which  contains 
,  the  fullest  account  of  the  considerations  which  led  him  to  the  doctrine 
of  the  circulation,  leave  no  doubt  whatever : — 

Thus  far  I  have  spoken  of  the  pa8«ige  of  the  blood  from  the  yeins  into  the 
arteries,*  and  of  the  manner  in  which  it  is  transmitted  and  distributed  by  the 
action  of  the  heart ;  and  thns  far  some,  perhaps,  moyed  by  the  antliority  of  Galen, 
or  of  Colombos,  or  by  the  reasonings  of  other  authors,  will  agree  with  me.  But 
when  I  proceed  to  what  remains  to  be  said  concerning  the  quantity  and  the 
origin  of  the  blood  thus  transmitted  (though  it  is  highly  worthy  of  considera- 
tion) it  will  seem  so  new  and  unheard  of,  that  I  not  only  fear  injury  to  myself 
from  the  enyy  of  a  few ;  but  I  dread  lest  I  mnke  all  mnnkind  my  enemies.  So 
much  does  custom,  or  teaching  once  accepted  and  fixed  by  deep  roots,  weigh  with 
all :  and  such  is  the  influence  of  the  yenerable  opinion  of  antiquity.  Howeyer 
this  may  be,  now  that  the  die  is  cast,  my  hope  lies  in  the  candour  of  lovers  of 
truth  and  of  learned  minds.  Indeeti,  when  I  thought  often  and  seriously  upon 
how  lar^e  the  quantity  [of  transmitted  blood]  is ;  upon  my  dissections  of  liying 
animnls  (for  the  purposes  of  experiment)  and  tJie  opening  of  arteries  and  the 
many  considerations  arising  therefrom ;  as  well  as  upon  the  magnitude  and  the 
symmetry  of  the  ycntriclts  of  the  heart  and  of  the  yessels  which  enter  and  leaye 
tliem  (since  nature  makes  nothing  in  yain,  so  Rreat  a  size  proportionally  would 
not  be  giyen  to  these  vessels  without  an  object);  and  upon  the  elaborate 
mechanism  of  the  yalyes  and  fibres,  and  of  the  rest  of  the  structure  of  the  heart ; 
as  well  as  of  many  other  things ;  and  when  I  long  turned  oyer  in  my  mind,  what 
might  be  the  quantity  of  the  transmitted  blood ;  in  how  short  a  time  its  trans- 
mission might  be  efl'ected ;  whether  that  quantity  could  be  supplied  by  the  juices 
of  the  food  ingested ;  I  came  at  length  to  the  conclusion  that  the  yeins  would 
become  collapsed  and  empty,  while  the  arteries,  on  the  other  hand,  would  be 
ruptured,  by  the  excess  of  blood  poured  in  them ;  unless  there  were  some 
road  by  which  the  blood  could  at  length  run  back  from  the  arteries  into  the 
veins  and  return  to  the  right  ventricle  of  the  heart.  So  I  began  to  think 
whether  there  was  a  kind  of  motion  aa  it  were  in  a  circle ;  this  I  aflerwurds 
found  to  be  true.t 

In  all  this  very  full  and  interesting  account  of  the  course  of 
Harvey's  inquiry,  it  will  be  observed  that  not  one  word  is  said  about 
the  valves  of  the  veins.  The  valves  of  which  he  speaks  are  those  of 
the  heart,  which  had  been  known,  as  I  have  pointed  out,  ever  since 
the  days  of  Erasistratus. 

Finally,  I  venture  to  affirm  that  Harvey  did  not  deduce  the  circu- 
lation from  the  disposition  of  the  valves  of  the  veins,  because  it  is 
logically  impossible  that  any  such  conclusion  should  be  deduced  from 

*  In  the  preceding  chapter  (vii.)  Hanrey  has  been  discussing  the  passage  ci 
the  blood  through  the  lungs,  supporting  his  views,  among  other  arguments^  by 
the  authority  of  Galen  and  of  (jotumbus ;  and  it  must  be  remembered  that  he 
termed  the  pulmonary  artery  tmia  arteriosa,  and  the  pulmonary  yein  arteria  venosa. 
Wherefore  he  properly  speaks  of  the  passage  of  the  blood  **  from  the  yeins  into  the 
arteries." 

t  Gulielmi  Haryeji.  '  Exercitationet  AnatomioiB.'  Bxeroitatio  I.  cap.  yiii.  ed. 
1660. 
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such  premises.  The  only  condnsion  which  is  warranted  by  the 
presence  of  valves  in  the  veins  is,  that  such  valves  will  tend  to  place 
a  certain  amount  of  obstacle  in  the  way  of  a  liquid  flowing  in  a  direc- 
tion opposite  to  that  in  which  the  valves  are  inclined.  The  amount 
of  obstacle,  from  mere  impediment  to  absolute  barring  of  the  way, 
will  depend  upon  the  form  and  disposition  of  the  valves ;  upon  their 
inertia,  or  stiffiiess  of  motion,  in  relation  to  the  force  of  the  current  of 
liquid ;  and,  above  all,  upon  the  firmness  or  yieldingness  of  the  walls 
of  the  tube  to  which  they  are  attached.  The  valve  which  hermetically 
closes  the  passage  through  an  iron  pipe  may  be  of  no  use  in  an  india- 
rubber  tube.  Therefore,  unless  the  action  of  such  valves  as  exist  in 
the  veins  were  carefully  tested  by  experiment  on  the  living  animal, 
any  conclusions  that  might  be  based  upon  their  presence  would  be 
of  doubtful  value,  and  might  be  interpreted  either  in  the  sense  of 
Fabricius,  or  in  that  of  Harvey. 

Moreover,  supposing  that  it  could  be  proved  that,  in  those  veins  in 
which  valves  exist,  the  blood  can  move  only  in  one  way,  what  is  to 
be  said  about  the  numerous  veins  which  have  no  viJves?  And, 
unless  we  already  know  upon  experimental  grounds  that  the  walls  of 
the  cavities  of  the  heart  contract  in  a  certain  definite  order ;  that  the 
arteries  are  full  of  blood  and  not  of  air ;  and  a  number  of  other 
important  facts  which  can  only  be  experimentally  determined ;  what 
good  is  it  to  know  that  there  are  valves  in  the  veins  ?  There  are 
valves  in  the  lymphatics  as  well  as  in  the  veins,  and  yet  anyone  who 
concluded  therefrom  that  the  lymph  circulates  after  the  manner  of 
the  blood  would  make  a  woeful  mistake. 

The  fact  is  that  neither  in  this,  nor  in  any,  physiological  problem 
can  mere  deductive  reasoning  from  dead  structure  tell  us  what 
part  that  structure  plays  when  it  is  a  living  component  of  a  living 
body.  Physiology  attempts  to  discover  the  laws  of  vital  activity, 
and  these  laws  are  obviously  ascertainable  only  by  observation  and 
experiment  upon  living  things. 

In  the  case  of  the  circulation  of  the  blood,  as  in  that  of  all  other 
great  physiological  doctrines,  take  away  the  truths  which  have  been 
learned  by  observation  and  experiment  on  living  structures,  and 
the  whole  fabric  crumbles  away,  dalen,  Columbus,  Harvey,  were 
all  great  vivisectors.  And  the  final  ocular  demonstration  of  the 
circidation  of  the  blood  by  Malpighi,  seven  years  after  Harvey's 
death — the  keystone  of  the  fabric  he  raised — ^involved  an  experiment 
on  a  living  frog. 
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WEEKLY  EVENING  MEETING, 
Friday,  February  1, 1878. 

Wasbbn  Db  la  Bun,  Esq.  D.C.L.  F.B.S.  Vioe-Preaident, 
in  the  Oliair. 

William  Hxnbt  Pbkmob,  Memb.  Inat  C.E.  M.BJ.  &c.  &c« 

The  Tdephane. 

Thb  telephone  is  an  instmment  constructed  for  the  transmission  of 
sound  to  a  distance.  The  art  of  conyeying  sound  to  a  distance  is  as 
old  as  the  ancient  Sphinx.  That  maryellous  people  the  Greeks 
practised  it ;  and  doubtless  it  has  served  to  inspire  awe  in  many  a 
poor  pagan  of  simple  faith  as  he  reverently  kneeled  before  his  idol  of 
stone  or  of  bronze.  The  earliest  authentic  account  of  the  germ 
of  the  telephone  was  within  the  historical  period  of  science 
shadowed  forth  by  Bobert  Hooke  in  1667,  who  said: — 

*'  'Tis  not  impossible  to  hear  a  whisper  at  a  furlong's  distance,  it 
having  been  already  done  ;  and  perhaps  the  nature  of  thd  thing 
would  not  make  it  more  impossible,  though  that  furlong  should  be 
ten  times  multiply'd.  And  though  some  fiimous  Authors  have 
affirm'd  it  impossible  to  hear  through  the  thinnest  plate  of  Muscovy 
glass ;  yet  I  know  a  way,  by  which  'tis  easie  enough  to  hear  one 
speak  through  a  wall  a  yard  thick.  It  has  not  yet  been  thoroughly 
examin'd  how  far  Otaoousticons  may  be  improved,  nor  what  other 
wayes  there  may  be  of  quickning  our  hearing,  or  conveying  sound 
through  other  bodies  than  the  Air:  for  that  that  is  not  the  only 
medium  I  can  assure  the  Header,  that  I  have,  by  the  help  of  a 
distended  wire,  propagated  the  sound  to  a  very  considerable  distance 
in  an  instant,  or  with  as  seemingly  quick  a  motion  as  that  of  light, 
at  least  incomparably  quicker  than  tiiat  which  at  the  same  time  was 
propagated  through  the  Air ;  and  this  not  only  in  a  straight  line,  or 
direct,  but  in  one  bended  in  many  angles." 

This  fimcy  remained  an  idea  until  1819,  when  Wheatstone  pro- 
duced his  ^  magic  lyre,"  which  was  exhibited  to  delighted  crowds  at 
the  Adelaide  Gallery,  which  was  often  used  by  Professor  Faradav 
and  which  has  frequently  since  been  produced  by  Professor  Tyndall 
at  the  Royal  Institution.  A  large  musical  box  was  placed  in  one  of 
the  cellars  of  the  Institution,  and  a  light  rod  of  deal  rested  upon  it. 
No  sound  was  heard  in  the  theatre  until  a  light  tray  or  other  sounding- 
box  was  placed  by  the  writer  on  the  rod,  when  its  music  pealed  forth 
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over  the  whole  place.  This  was  the  first  telephone,  and  was  the 
precursor  of  those  elegant  toy-telephones  which  are  now  sold  in  the 
streets  for  a  penny. 

The  vibrations  of  the  musical  box,  with  all  their  complexity  and 
beauty,  are  imparted  to  the  rod  of  wood,  and  are  thence  given  up  to 
the  sounding-box.  The  sounding-box  impresses  them  upon  the  air, 
and  the  air  conveys  them  to  the  ear,  whence  they  are  transmitted  to 
the  brain,  imparting  those  agreeable  sensations  liHed  music.  Sono- 
rous vibrations,  whether  the  result  of  music,  of  the  human  voice,  or 
of  mere  noise,  vary  in  pitch,  in  loudness,  and  in  clangtint.  The 
pUeh  of  a  note  is  dependent  on  the  length  of  its  sonorous  vibration, 
or  on  the  number  of  sound-waves  which  enter  the  ear  per  second ;  the 
hudneas  of  a  note  depends  on  the  amplitude  of  the  air-wave,  or  on 
the  length  of  swing  to  and  fro  of  the  particles  of  air  in  vibration ;  the 
dangtintf  or  quality  of  the  note,  depends  upoa  the  form  or  rate  of 
motion  of  these  particles.  The  limits  of  the  ear  to  the  reception  of 
notes  are  between  16  and  88,000  vibrations  per  second,  and  the  limits 
of  the  human  voice  are  between  65  and  1044  vibrations  per  second. 
The  amplitude  of  vibrations  is  very  smalL  Lord  Rayleigh  has  shown 
that  a  motion  of  only  g5oo\)ooo^  ^^  ^^  ^^  ^^  sufficient  to  produce 
audible  sounds. 

Vibrations  of  matter  are  essential  to  the  production  of  sound,  and 
the  presence  of  air  is  essential  to  convey  it  to  our  ears. 

It  is  possible  to  catch  up  these  sonorous  vibrations  by  placing 
elastic  matter  in  their  path.  Thus  glasses  can  be  cracked  by  a  loud 
bass  voice ;  bodies  are  made  to  rattle  in  a  room  where  music  is  going 
on ;  and  it  is  only  necessary  to  sing  into  a  piano  to  receive  back 
responsive  sounds.  A  thin  copper  disc  held  before  the  mouth  vibrates 
to  each  sound  uttered,  and  if  a  hard  metallic  point  be  a^'usted  near 
it,  sounds  loud  enough  to  fill  the  theatre  are  emitted.  Acting  upon 
this,  Mr.  W.  H.  Barlow,  0  Jj.,  produced  before  the  Boyal  Society  in 
1874  his  logograph,  whidi  recoided  in  varying  lines  and  curves  spoken 
language.  Here  is  such  a  line,  which  records  the  pitch,  loudness, 
and  form  of  the  sounds  emitted  by  the  lips  of  the  speaker,  and 
reproducing  all  the  elements  of  the  voice.    See  Fig.  1. 

The  transmission  of  sonorous  vibrations  by  Wheatstone's  tele- 
phone is  very  limited^— the  distance  traversed  can  be  measured  by 
yards.  To  transmit  or  reproduce  them  at  distances  beyond  the 
reach  of  the  ear  or  the  eye,  measured  by  miles,  we  call  in  the  aid  of 
electricity. 

An  electric  current  when  transmitted  around  a  bar  of  iron  converts 
that  bar  of  iron  for  the  time  being  into  a  magnet.  When  a  momentary 
current  is  sent  around  the  iron  it  is  magnetized,  and  then  demag- 
netized. Page,  in  1837,  showed  that  these  operations,  when  repeated 
with  sufficient  rapidity,  produced  sounds  which  he  called  *'  galvanic 
music"  The  bar  of  iron  alters  its  form,  it  in  fact  vibrates,  and 
ihese  vibrations  are  imparted  to  the  air. 

Again,  this  bar  of  iron,  when  magnetized,  will  attract  another  piece 
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of  iron  in  its  neigbbonrhood,  and  if  tbis  second  bar  be  an  armature 
witb  a'  certain  amount  of  resilience  or  elasticity,  it  can  be  made  to 
vibrate  in  a  similar  way  and  give  forth  musical  sounds,  when  the 
currents  are  sent  with  the  necessary  rapidity.  This  was  done  by 
Elisha  Gray  and  Alexander  Graham  Bell,  in  1878.  But  electricity 
exerts  attraction  in  another  way.    The  inside  and  outside  coating  of 

Pio.  1. 


The  minstrel  boy  to  the  war  is  gone. 


In  the  ranks  of  death  you'll  find  him ; 


His  father's  sword  he  has  girded  on, 


And  his  wild  harp  slung  behind  him. 

a  Leyden  jar,  for  instance,  attract  each  other  when  they  are  charged 
with  electricity,  but  they  are  prevented  from  moving  by  the  rigid 
glass  between  them.  If  this  glass  be  supplanted  by  dry  paper  and 
the  two  coatings  lie  flat  against  the  paper,  one  on  each  side,  then 
they  will  move,  and  if  the  charges  and  ^scharges  be  rapid  enough 
the  tin -foil  will  vibrate  and  give  forth  sounds.  This  was  done 
by  Cromwell  Yarley,  in  1870.  Again,  an  electric  current  when  it 
passes  through  a  liquid,  or  an  electrolyte,  decomposes  it  into  its 
constituent  parts.  If  it  passes  through  water  it  decomposes  it  into 
oxygen  and  hydrogen.  If  paper  be  damped  with  water,  or  better, 
with  a  solution  of  sulphate  of  soda,  and  the  paper  be  drawn  between 
two  springs,  pressing  it  with  a  certain  pressure,  then  every  time  a 
current  passes  a  layer  of  hydrogen  will  be  deposited  on  one  springy 
the  friction  between  that  spring  and  the  paper  will  be  reduced,  and 
the  paper  will  be  jerked  forward.  If  the  currents  follow  each  other 
with  proper  rapidity  these  jerks  will  become  sonorous  vibrations,  and 
loud  sounds  will  be  produced  if  the  spring  be  connected  with  a 
sounding-board.    This  was  done  by  Edison  in  1877.     Elisha  Gray, 
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as  early  as  1878,  showed  that  similar  sounds  oould  be  produced  by 
the  finger  when  pressed  against  a  reyolving  tin  disc,  if  currents  were 
sent  through  the  body  in  proper  order.  Hence  sounds  can  be 
produced  by  the  electric  current  in  various  ways. 

It  has  already  been  shown  how  a  copper  disc,  or,  indeed,  any  elastic 
diaphragm,  can  be  made  to  vibrate  under  the  influence  of  sonorous 
vibrations,  and  if  these  vibrations  be  simply  made  to  complete  an 
electric  circuit,  then  currents  of  electricity  can  be  sent  to  any  distance 
for  every  excursion  to  and  fro  made  by  the  diaphragm.  If  these 
currents  be  sent  through  the  primary  wire  of  an  induction  coil,  and 
the  secondary  wire  be  in  connection  with  a  vacuum  tube,  rotating 
with  regular  velocity,  then  for  each  note  that  is  sounded  a  different 
figure  will  be  found  by  the  tube,  and  it  will  be  seen  that  every  note 
is  distinguished  by  a  different  number  of  currents  or  by  a  different 
pitch.*  On  this  principle  Riess  constructed  the  first  electrio  telephone 
in  1861.    A  vibrating  diaphragm  transmitted  its  currents  of  electricity 

Fxo.2. 
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Miess'a  Telephone. 


for  each  note  sounded,  and  a  magnetized  and  demagnetized  knitting- 
needle  repeated  these  notes  on  Page's  principle.  Yarley  in  1870, 
and  Gbray  in  1873,  repeated  these  experiments  with  vibrating  tuning- 
forks  and  vibrating  reeds.  Both  Edison  and  Bell  have  also  produced 
musical  telephones,  but  all  these  instruments  reproduce  the  pitch  of 
the  note  only.  Something  more  was  required  to  produce  loudness 
and  dangtint,  and  this  was  done  by  Alexander  Graham  Bell.  He 
succeeded  in  producing  currents  of  electricity  which  varied  in  dura- 
tion, intensity,  and  form  exactly  with  the  length,  amplitude,  and  form 

*  This  experiment  is  due  to  Mr.  H.  Edmunds,  jun. 
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of  the  sonorous  yibrations,  and  thus  he  sncoeeded  in  reprodacing  the 
tones  of  the  human  Toice,  with  all  their  yariations  and  peouliarities. 

In  nearly  all  the  applications  of  electrioit j  to  nseful  purposes,  we 
haye  to  fall  back  upon  one  or  other  of  the  grand  discoyeries  made  in 
this  yerj  Institution  by  the  immortal  Faraday.  He  showed  in  1831 
how  motion  in  a  magnetic  field  produces  currents  of  electricity.  If  a 
coil  of  wire  be  suddenly  lifted  off  the  poles  of  a  permanent  magnet,  a 
current  of  electricity  will  be  induced  in  that  coil  which  can  ring  a 
bell  or  do  other  useful  work.  If  the  wire  be  wound  permanently 
around  the  poles  of  the  magnet,  and  a  disc  or  bar  of  iron  be  moyed  in 
front  of  that  magnet,  not  only  will  a  current  of  electricity  be  induced 
for  eyery  motion  of  that  disc,  but  the  form  and  strength  of  that 
current  will  yary  with  the  motion  of  the  disc.  This  is  beautifully 
shown  with  a  Thomson's  reflecting  galyanometer.  Eyery  motion  of 
that  disc,  howeyer  rapid  and  howeyer  minute,  will  odl  forth  its 
corresponding  current. 

We  haye  now  all  the  requisites  for  what  the  Qermans  call  the 
Femtprecher  or  ^  ^r-speaker,"  or  for  what  we  know  as  the  ^  articu- 

Fia.  3. 
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lating  telephone,"  an  instrument  constructed  for  the  reproiMcHon  of 
human  speech  at  a  distance.  All  that  is  needed  is  a  permanent 
magnet,  surrounded  at  one  pole  by  a  coil  of  wire  and  fixed  in  front  of 
an  elastic  disc  of  thin  soft  iron.  The  coil  of  wire  has  one  end  in 
connection  with  the  earth  and  the  other  in  connection  with  the  line 
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wire  which  is  connected  at  the  distant  station  with  an  exactly  similar 
coil  snrronnding  a  similar  magnet  placed  before  a  similar  disc 
There  is  no  battery,  there  are  no  accessory  apparatus;  all  that  is 
needed  to  speak  is  Uiere.  The  two  instruments  are  exactly  reversible 
— the  same  instrument  may  be  used  either  for  speaking  or  for  listen- 
ing. The  one  disc  is  held  before  the  month  of  the  speaker  at  one 
station,  the  other  disc  is  held  to  the  ear  of  the  listener  at  the  other 
station.  The  voice  throws  the  air  into  vibration.  These  vibrations 
are  imparted  to  the  iron  disc.  The  motion  of  the  iron  disc,  by 
changing  the  strength  of  magnetism  of  the  magnet,  produces  cur- 
rents of  electricity.  These  currents  of  electricity  traverse  the  line 
and  the  coil  at  the  distant  station,  and  vary  the  strength  of  the  mag- 
netism of  the  magnet  at  that  station.  This  variation  of  magnetism 
varies  the  attraction  between  the  magnet  and  the  disc.  The  disc  is 
thrown  into  vibration,  and  the  vibrations  of  the  disc  are  imparted  to 
the  air,  which  conveys  them  to  the  ear  and  thence  to  the  brain.  Now 
the  vilnrations  of  the  first  disc,  the  currents  of  electricity,  the  attrac- 
tions between  the  second  magnet  and  the  second  disc,  and  the  vibra- 
tions of  the  second  disc,  all  vary  exactly  in  a  similar  ratio  and  in  a 
similar  way.  The  vibrations  of  the  second  disc  become  an  exact 
reproduction  of  the  first  disc — ^the  one  is  in  fact  an  echo  of  the  other — 
so  that  whatever  sound  is  produced  in  front  of  the  first  disc  is  exactly 
reproduced  at  the  other,  but  with  diminished  power  only.  The  first 
disc  is  only  able  to  take  up  a  portion  of  the  sonorous  vibrations  of  the 
speaker,  and  much  of  the  actual  energy  of  the  voice  is  lost  in  over- 
coming the  resistance  of  the  disc  and  in  heating  the  wires.  Hence 
the  sounds  emitted  at  the  second  station  are  weaker  than  those  at  the 
first,  but  they  possess  the  same  articulation,  the  same  tone,  and  the 
same  peculiarities.  The  currents  that  perform  this  work  are  of 
microscopic  strength.  It  has  been  calculated  that  they  must  be  less 
than  ny^jinnr^^  ^^  ^^®  ordinary  working  currents  employed  in  tele- 
graphy. Indeed  we  have  no  instruments  at  present  capable  of 
measuring  them.  Nevertheless  the  distances  through  which  conversa- 
tion has  been  maintained  are  marvellous.  Professor  Bell  spoke  from 
New  York  to  Boston,  260  miles.  The  writer  has  spoken  between 
Holyhead  and  Dublin,  70  miles.  Conversation  between  Dover  and 
Calais  was  maintained  by  Mr.  Bordeaux  with  great  ease.  Captain 
Turner,  B.E.,  whispered  between  London  and  Ipswich,  68  miles.  But 
this  assumes  the  lines  to  be  clear  and  free  from  working  wires.  If  the 
telephonic  circuit  be  carried  on  the  same  poles  or  in  the  same  pipes 
as  working  wires,  the  instrument  is  so  delicate  that  it  is  disturbed  by 
the  induction  currents  that  are  set  up  in  the  telephonic  wire  by  the 
primary  currents  in  the  working  wires.  This  limits  the  distance  to 
which  conversation  is  possible.  On  busy  trunk  lines  it  has  been 
found  impossible  to  speak  to  greater  distances  than  five  miles. 

It  has  been  shown  that  discs  vibrate  under  the  influence  of 
sonorous  vibrations,  and  that  these  vibrations  can  be  recorded.    If 
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these  records  be  made  on  some  yielding  inelastic  mass  like  tin-foil, 
they  not  only  become  permanent  recoils,  but  they  can  be  made  to 
cause  a  similar  disc  at  any  fnture  time  to  repeat  or  reproduce  similar 
Yibrations.  Mr.  T.  A.  Edison,  of  New  York,  has  succeeded  on  this 
principle  in  constructing  a  ^  Phonograph,"  which  repeats  the  voice 
of  the  speaker.  He  has  crystallized  into  a  fact  the  ideal  of  the  poet 
who  longed  "  for  the  sound  of  a  voice  that  is  stilL" 

The  Phonograph  is  the  outcome  of  the  articulating  telephone. 
Though  several  have  added  their  share  in  perfectii^  the  '^far- 
speaker,"  there  is  no  name  in  connection  with  it  that  will  shine  with 
greater  brilliancy  than  that  of  Alexander  Graham  Bell.  His  Other's 
occnpationof  a  vocal  physiologist  led  him  to  study  the  vocal  organs 
and  the  production  of  sound.  Helmholtz's  researches  led  him  to 
investigate  electricity  and  its  application  to  telegraphy.  The  desire 
to  increase  the  capacity  of  wires  for  the  conveyance  of  messages  led 
him  to  devise  systems  of  multiplex  telegraphy,  and  this  by  steady 
and  sensible  degrees  led  him  to  articulate  telephony.  We  have  here 
a  notable  example  of  the  modem  method  of  research  where  imagina- 
tion suggests  experiment,  and  experiment  by  evolution  produces 
growth  and  perfection,  lliings  that  are  new  are  not  always  accepted 
as  true.  The  accounts  of  the  telephone  were  received  in  this  country 
with  great  scepticism.  Many  even  now  doubt  its  truth  until  they 
actually  test  its  reality.  When  once,  however,  a  new  thing  is  shown 
to  be  true,  a  host  of  detractors  delight  in  proving  that  it  is  not  new. 
The  inventor  has  to  pass  through  Sie  ordeal  of  abuse.  He  is  shown 
to  be  a  plagiarist  or  a  purloiner,  or  something  worse.  Others  are 
instanced  as  having  done  the  same  thing  years  ago,  though  perhaps 
their  own  existence  apart  from  their  ideas  have  never  before  been 
heard  of.  Professor  Bell  will  have  to  go  through  all  this ;  never- 
theless the  telephone  will  always  be  associated  with  his  name,  and  it 
will  remain  one  of  the  marvels  of  this  marvellous  age,  while  its 
chief  marvel  will  be  its  beautiful  and  exquisite  simplicity. 

[W.  H.  P.] 


Digitized  by  VjOOQIC 


608  General  Monthly  Meeting.  [Feb.  4, 


GENBEAL  MONTHLY  MEETING, 
Mondaj,  February  4, 1878. 

Wabbkn  Db  la  Bub,  Esq.  D.C.L.  F.B.S.  Vioe-President, 
in  the  Chair. 

Col.  George  Sligo  Alexander  Anderson, 
Henry  Sanders  Carpenter,  Esq. 
Bobert  Borgoyne,  Esq. 
Lient.-Col.  Edmund  Bentley  Frith, 
The  Lord  Claud  Hamilton, 
Edmund  Haynes,  Esq. 
Charles  Mallet,  Esq. 
Josiah  Pierce,  Esq. 

were  elected  Members  of  the  Boyal  Listitution. 

The  Special  Thanks  of  the  Members  were  given  to  William 
Bowman,  Esq.  F.B.S.  M.B.L  for  his  Present  of  an  Ivory  Bust  of 
Pbof£8sob  Fabaday,  by  the  late  Matthew  Noblb,  M.B.L 

The  Pbbsbnts  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : — 

PBOM 

The  India  Office— ¥,  Day :  The  Pishes  of  India,  Vol.  I.    4to.    1876. 
The  horde  of  the  Admiralty  (through  the  Astronomer  ^ovaZ>— Greenwich  Observa- 
tions  for  1875.    4to.    1877. 
Col.  J.  F.  Tennant:  Beport  on  the  Transit  of  Venus,  as  seen  at  Boorkee  and 

Lahore,  Dec.  8, 1874.    4to.    1877. 
E.  J.  Stone :  ResultB  of  Astronomical  Observations  at  the  Gape  of  Gk)od  Hope 
in  1874.    8vo.    1877. 
American  Academy  of  Arte  and  Scienoee — ^Proceedings,  New  Series,  VoL  IV. ;  Old 

Series,  Vol.  XrV.    8vo.    1877. 
American  PhUoeophical  iSbcis^jf— Proceedings,  No.  69.    8vo.    1863. 
Aeiatic  Society,  Boycd — Journal,  New  Series,  Vol.  X.  No.  1.    8vo.    1877. 
Aeiatic  Society,  Boyai,  Bombay  Branch — Joum^  No.  34a.    8yo.    1877. 
Astatic  Society  of  BenMU — Journal,  1877,  Part  IL  No.  2.    8yo. 

Proceedings,  1877,  No.  6.    8vo. 
Aetronomicai  Society,  Boj^al— Monthly  Notices,  VoL  XXXVIIL  Noe.  1, 2.     Sra 
1877-8. 
Memoirs,  VoL  XLHI.    4to.    1877. 

Bavarian  Academy  of  Sdencee,  Boyal  —  Sitzungsberiohte,  1877,  Heft  2.    8vo. 

1877. 
Briggs,  B,  Em,  (the  Authory-On  the  Belation  of  Moisture  in  the  Air  to  Health 

and  Comfort.    (Franklin  Inst  Journal,  VoL  CV.  1878.)    8yo. 
British  Architects,  Boyal  XnstUute  o/— Sessional  Papers,  1877-8,  Nos.  3,  4,  5,  6. 

4to. 
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BrUUh  Museum  3Vu«««a— CJatalogue  of  Oriental  CJoins,  Vol.  III.    8vo.    1877. 
Catalogue  of  Greek  Coins :  Tauric,  Chersonese,  Thrace,  &c.    8vo.     1877. 
Catalogue  of  Prints  and  Drawings:    Division  1,  Satires, Vol.  IIL  1784-60. 
2  Parts.    8vo.    1877. 
Brussels  Boyal  06«rratory— Annales  M^t6)rologique8, 1874-5-6.     4to.    1875-7. 
Chemical  Society— Jouma},  Dec  1877  and  Jan.  1878.    8va 
Church,  Professor  A.  H.  M.A,  M.R.L  (tt«  iitrffcor)— Plain  Words  about  Water. 

(K102)    8vo.    1877. 
Clinical  /Society— Transactions,  Vol.  X.    8yo.    1877. 

Coutts,  Jdhn^  Esq.  (the  ila/Aor>— Philosophy  of  the  Seven  Principles  found  in 
Creation:   by  which  Revelation  and  Science  are  found  to  be  in  Complete 
Harmony.    12mo.    1877. 
^itor*— American  Journal  of  Science  for  Deo.  1877  and  Jan.  1878.    8vo. 
Analyst  for  Dec.  1877  and  Jan.  1878.    8vo. 
Athenffium  for  Dec.  1877  and  Jan.  1878.    4to. 
Chemical  News  for  Dec.  1877  and  Jan.  1878.    4to. 
Engineer  for  Dec.  1877  and  Jan.  1878.    fol. 
Horological  Journal  for  Dec.  1877  and  Jan.  1878.    8vo. 
Journal  for  Applied  Science  for  Dec.  1877  and  Jan.  1878.    fol. 
Nature  for  Deo.  1877  and  Jan.  1878.    4to. 
Nautical  Magazine  for  Dec  1877  and  Jan.  1878.    8vo. 
Pharmaceutical  Journal  for  Dec  1877  and  Jan.  1878.    8vo. 
Telegraphic  Journal  for  Dec.  1877  and  Jan.  1878.    8vo. 
Frankland,    Professor,   D.C.L,    F,R£.    MMJ.    (Ihe    iiotAor)  —  Experimental 

Researches  m  Pure,  Applied,  and  Physical  Chemistry.    8vo.     1877. 
Franklin  Jnttiiiite— Journal,  Noe.  624,  625.    8vo.     1877. 
Oeographical  Society,  AoyoZ— Proceedings,  Vol.  XXII.  No.  1.    8vo.    1877. 
OeJogieal  Survey  of  /ndia— Records,  Vol.  X.  Part  4.    8vo.     1877. 
Oladkone,  J.  H.  Ph.D,  FM.S,  M.RJ,  (the  iltt^Aor)~Spelling  Reform  from  an 

Educational  Point  of  View.    16to.    1878. 
Earlem,  SocUU  HoUandaise  des  Sdenees—AichiYea  N^landaises,  Tome  XU. 
Liv.  2,  3,  4,  5.    8va    1877. 
Natuurkundige  Verhandelingen,  3de  Vera.  Deel  11.  No.  6.    4to.    1877. 
Harrison,  W.  B.  Esq,  (the  Authory—ThQ  Lazy  Lays  and  Piose  Imaginings.  16to. 

1877. 
Leeds  PhUoeophieal  and  Literary  Society — ^The  Archbishop  of  York's  Address : 

**  The  Worth  of  Life.'»    (L  17)    8vo.    1877. 
Lindsay,  The  Lord,  M.P,  M,BJ.—Dmi  Echt.  Publications,  Vol.  IL  MauritinB 

Expeditioni  Division  1.    4to.     1877. 
Linnean  5ocic<y— Proceedings,  No.  94.    8vo.    1877. 
London  InstituHon—JoumBi,  Nob.  22,  23,  24,  25,  26,  29,  30;  and  Selected  Notes 

of  Lectures,  1876-7.    8vo.    1873-7. 
Manchester  Geological  fibciefy— Transactions,  Vol  XTV.  Parts  15,  16.      8vo. 

1877-8. 
Mechanical  Engineers*  Jnftt^uttofi— Proceedings,  November,  1877.    8vo. 
Melsens,  M,  (ihe  Author)— Dee  Paratonnerres.    8vo.    1877. 
Meteordogieal  Oj|Joe— Quarterly  Weather  Report,  1875,  Parts  1,  2.    4to.    1877. 
New  Zealand  (Tovemfn^nt— Statistics  for  1876.    fol.    1877. 
North  of  England  Institute  of  Mining  Engineers— Tmaaaotiona,  Vol.  XXVI.  8vo. 

1877. 
Photographic  Society— Jowmhi.  New  Series,  Vol.  II.  Nos.  2,  3.    8va    1877. 
Plateau,  J.  Hon.  M.B.L  (the  JuMor)— Biblionaphie  Analytiqne  des  Principaux 

Ph^oro^nes  Subjeotifs  de  la  Vision.    (M8)    4to.    1877. 
Preussische  AJcademie  der  Wissensehaften—lAoTiaiaherichie :  Sept.  Oct.  1877.  8vo. 
Beyndlds,  J.  Emerson,  M.D,  (the  Author) — Influence  of  Chemical  Constitution  on 
Physiological  Activity.    (K 102)    8vo.    1877. 
Trin.  ColL  Laboratory  Reports,  4,  5  (Royal  Dublin  Society,   Proceedings). 
8vo.    1877. 
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BosseUi,  Signor  Care,  F,  (the  Author)— Di  Alconi  Progrefisi  nelle  Scienze  Fisiche. 

(K  102)    8vo.    1878. 
Boyal  Society  of  Edinburgh— TrwasBLciionB,  Vol.  XXVIII.  Part  1.    4to.    187&-7. 

Proceedings,  Nos.  9G-99.    8vo.     1876-7. 
Boyal  Society  o/Xiondofi— Proceedings,  No.  184,    8vo.    1877. 
Hoyal  Society  of  New  South  IFo/et— H.  C.  Bussell :  Climate  of  New  South  Wales. 

8vo.    1877. 
Railways  of  New  South  Wales,  1872-5.    fol.    1876. 
Annual  Report  on  Department  of  Mines  for  1876.    4to.    1877. 
O.  Robinson :  Progress  and  Resources  of  New  South  Wales.    (K  102)    8vo. 

1877. 
Journal  of  Proceedings  of  the  Royal  Society  of  New  South  Wales,  VoL  X.  8vo. 

1877. 
RusseUj  The  Lord  Arthur^  M.P,  M.RS.—Q.  von   Buquoy:   Skizzen  zu  einem 

Gesetzbuche  der  Natur.  Neu  Auflage,  Leipzig.  1825. 
St,  Bariholomew*$  ^o«pitoZ— Reports,  Vol.  XII.  8vo.  1877. 
St,  Petersburg,  Acad^ie  de$  i^c^iences— Bulletins,  Tome  XXIV.  Nos.  2,  3.    4to. 

1877. 
Shepherd,  A.  B,  M,D.  M,A,  M,RJ.  (Oie  i(ti/Aor)— Goulstonian  Lectures  on  the 

Natural  History  of  Pulmonary  Consumption.    8vo.    1877. 
Smiihmnian  IntUtviiony  WaehingUm^  U.S. — Annual  Report  for  1876.    8vo.    1877. 
^moru,  O.  J.— Monthly  Meteorological  Magazine,  Dec.  1877  and  Jan.  1878.  8ro. 
TennarUj  Professor — D.  Jeffries :  iWtise  on  Diamonds  and  Pearls.    4tb  edition. 

16to.    1871. 
Twining,  Thomas,  Esq,  M,R.L — Reference  Catalogue  of  Current  Literature.    8vo. 

1875. 
United  Service  Institution,  Boyal — Journal,  No.  93.    Svo.    1877. 
United  Slates  Geological  Swrtfey—Hinth  Annual  Report:  by  F.  V.  Hayden,  for 

1875.    8vo.    1877. 
United  States  Government  Survey — ^Elliott  Coues:    Fur-bearing  Animals.     Sra 

1877. 
Upsal  Boyal  Society  of  Sciences — Nova  Acta :  In  Memoriam  Quattuor  Seculorum 

ab  Universitate  Upfialiensi  peractorum.  Volumen  Extra  Ordinem.  4  to.  1877. 
Vaux,  W.  S,  W.  Esq,  M.A.  F.B.S.  M,B.I,  (the  Author)— Greek  Cities  and  Islands 

of  Asia  Minor.    16to.    1877. 
Vereins  zur  Be/Grderung  des  Gewerhfleisses  in  Preussen — ^Verbandelungen,  1877 : 

Heft  9, 10.    4to. 
Wilde,  M,  H. — Repertorium  fur  Meteorologie,  Band  V.  Heft  2,  and  Supple- 

mentband,  Erste  Halfte.    4to.    1877. 
Woods,  Edward,  Esq.  C,E.  M,B.I,  (the  Authory~On  Adequate  Brake-power  for 

Railway-trains.    (K 102)    Svo.    1877. 
Yorkshire  Archseological  and  Topographical  Association— JovansJ,  Parts  17,  18. 

Svo.    1877. 


WEEKLY  EVENING  MEETING, 

Friday,  February  8, 1878. 

The  Lobd  Arthur  Bubbell,  M.P.  Vice-President,  in  the  Chair. 

Matthew  Arnold,  Esq. 

Equality. 

[This  Discourse  is  printed  in  full  in  the  '  Fortnightly  Review '  for  March, 
1878,  vol  xxiii.  N.s.  p.  313.] 
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WEEKLY  EVENING  MEETING, 

Friday,  February  16, 1878. 

William  Spottiswoodx,  Esq.  M.A.  LL.D.  Tr.  E.S.  Secretary  and 
Yice-President,  in  the  Chair. 

P.  L.  SoLATBB,  Esq.  M.A.  Ph.D.  P.B.S. 

Zoological  DtstribvUianj  and  same  of  it$  Difficulties. 

Aftkb  pointing  ont  that  ^  locality  "  is  quite  as  much  a  part  of  the 
proper  characters  of  natural  groups  of  animals  as  form  and  structure, 
the  lecturer  spoke  of  ''specific"  and  "generic"  areas,  and  of  the 
doctrine  of  their  continuity.  He  then  treated  of  ''representative 
species,"  and  showed  that,  while  insular  representative  species  are 
usually  distinct,  continental  representative  species  are  not  unfre- 
quently  found  to  be  connected  together  by  intermediate  forms.  The 
only  l^pothesis  that  would  explain  these  and  other  phenomena  of 
"diistribution"  was  that  of  the  derivative  origin  of  species.  But  the 
question  was,  were  there  not  exceptional  cases  of  distribution  which 
Uirew  difficulties  in  the  way  of  the  universal  adoption  of  this  hypo- 
thesis ?  It  must  be  admitted  by  all  who  had  studied  distribution  in 
any  group  of  animals  that  there  were  many  such  difficult  cases.  The 
lecturer  then  proceeded  to  call  attention  to  six  cases  of  abnormal 
distribution  in  the  classes  of  mammals,  birds,  and  reptiles,  namely : — 

1.  The  LiUle  Blvs  Magpie  of  Spain, — The  general  character  of 
the  birds  of  Spain  did  not  differ  materially  from  that  of  the  rest  of 
Southern  Europe,  although  a  few  North  African  species  intruded  into 
its  limits.  One  little  bird  only  seemed  to  have  been  introduced  from 
afar,  and  disturbed  the  general  uniformity.  The  little  blue  magpie 
of  Spain  (Oyanopica  cooln)  had  not  only  no  near  relatives  in  the  rest  of 
Europe,  but  we  must  go  to  the  farthest  part  of  Siberia  and  Northern 
China  before  we  met  with  its  true  allies.  Here  was  found  the  Cyano^ 
pica  cyanea,  so  closely  allied  to  the  Spanish  bird  as  to  be  barely 
distinguishable.  This  was,  therefore,  an  undoubted  instance  of  a 
jdiscontinuons  generic,  if  not  specific,  area,  and  in  order  to  bring  it 
within  ordinary  rules  it  was  necessary  to  suppose  that  the  parent- 
form  had  been  formerly  existent  throughout  Europe  and  Oentral  Asia, 
but  had  for  some  reason  become  extinct  in  those  countries. 

2.  Oxyrhamphus  and  Neomorphus, — These  two  South  American 
genera  of  birds  offered  somewhat  parallel  cases  of  broken  distribution* 
Of  the  peculiar  Passerine  form  Oxtfrhamphus^  onlv  two  verv  closely 
allied  species  were  known,  one  (0.  flammiceps)  in  Souui-eastem 
Brazil,  and  the  other  (O.fraier)  in  Oentral  America,  the  genus  being 
quite  unrepresented  in  the  intermediate  countries.  In  the  Ouculine 
genus  Neomorphus,  the  Oentral  American  form  (N,  salvini)  was  again 
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very  nearly  similar  to  the  Brazilian  (N,  geoffroyt),  whereas  in  the 
intermediate  countries  three  other  quite  distinct  species  were  known 
to  occur. 

8.  Pitta  angolensis. — Not  less  than  from  thirty  to  forty  species  of 
the  brilliantly  coloured  birds  of  the  genus  PiUa  were  ^own  to 
science,  distributed  from  India,  on  the  north,  through  the  great  Asiatic 
islands  into  Northern  Australia.  But  one  single  Pitia^  in  every  way 
typical  in  structure,  and  closely  allied  to  an  Indian  species,  occurred 
in  a  limited  district  of  Western  Africa,  the  genus  being  quite  unknown 
in  intermediate  localities.  This  was  a  clear  instance  of  a  discon- 
tinuous generic  area. 

4.  The  Solenodon  of  the  AniiUes. — The  insectivorous  Tnammals, 
according  to  the  best  authorities,  constituted  ten  different  &milies, 
which  were  mostly  restricted  to  the  Palearctic,  Indian,  and  Ethiopian 
regions,  and  were  entirely  unrepresented  in  Australia  and  South. 
America.  Two  families  only  extended  into  the  nortion  portion  of  the 
New  World,  the  moles  (Tcdjfndce)  and  the  shrews  (SarecidcB),  But 
there  was  one  very  exceptional  case.  The  genus  Solenodon,  two 
species  of  which  were  known  from  two  islands  in  the  West  Indies, 
belonged  not  to  the  shrews  or  moles,  but  to  the  family  Centetidcd^ 
otherwise  entirely  confined  to  Madagascar.  If,  therefore,  the  descent 
of  Solenodon  and  Centeies  from  a  common  ancestor  were  assumed,  the 
following  assumptions  must  also  be  made.  First,  that  the  West 
India  Islands  had  been  united  by  land  to  Africa ;  and  secondly,  that 
the  CenteHdoB  had  formerly  extended  all  through  Africa,  where  there 
were  now  no  traces  of  them. 

6.  The  DistrtbuUon  of  Lemurs, — BecaUing  Solenodon  to  our  minds, 
we  might  well  have  expected  that  the  Lemurs,  one  of  the  most  pre- 
valent and  characteristic  mammal  groups  of  li^agascar,  would  have 
had  allies  in  America,  but  such  was  not  the  case.  The  only  members 
of  this  group  not  found  in  Madagascar  were  met  with  in  Africa  and 
parts  of  the  Indian  region.  It  was  therefore  manifest  that,  assuming 
the  origin  of  the  Lemurs  from  a  common  source,  a  continent  must 
have  formerly  existed  in  the  Indian  Ocean,  and  formed  the  ancient 
home  of  the  Lemurine  family,  of  which  the  fragments  were  now  so 
widely  sundered.  It  would,  however,  be  diffioxdt  to  reconcile  this 
bypotiiesis  with  that  of  the  former  land-connection  of  Madagascar 
with  the  Antilles  through  Africa,  previously  adverted  to. 

6.  Hie  Oiant  Land  Tortoises. — ^The  giant  land  tortoises,  which 
had  lately  formed  the  subject  of  the  elaborate  studies  of  Dr.  Gunther, 
presented  a  still  more  extraordinary  instance  of  anomalous  distribution. 
These  animals  now  only  existed  in  the  Galapagos  Islands  and  on  the 
coral  reef  of  Aldabra,  north-west  of  Madagascar,  but  a  third  group, 
which  formerly  inhabited  the  Mascarene  Elands,  had  only  recently 
become  extinct.  In  order  to  derive  these  three  groups  of  allied 
species  from  the  same  stock,  it  would  be  necessary  to  assume  first  that 
Giant  Land  Tortoises  were  formerly  distributed  all  over  South 
America  and  Africa,  where  no  traces  of  them  now  existed ;  secondly. 
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to  snppoBe  that  the  Galapagos  were  formerly  united  to  America ;  and, 
thirdly,  that  the  Aldabra  reef  had  once  formed  part  of  land  that 
was  joined  to  the  African  coast.  But  eyen  then  all  the  difficulties 
would  not  have  been  surmounted,  for  it  appeared  that  the  Mascarene 
form  of  these  tortoises  was  more  nearly  allied  to  that  of  the  Gala- 
pagos than  to  that  of  Aldabra.  It  would  further  have  to  be  assumed 
therefore,  in  order  to  bring  these  facts  into  harmony  with  the  usual 
theory,  tiiat  the  Mascarene  Islands  had  remained  united  to  the  African 
coast  after  the  Aldabra  reef  had  been  separated  from  it. 

These  six  cases  were  only  selected  instances  of  the  many  diffi- 
culties met  with  in  endeayouring  to  account  for  all  the  known  facts 
of  distribution  by  the  hypothesis  of  the  derivatiye  origin  of  species. 
It  would  be  easy  for  those  who  had  studied  distribution  in  any  group 
of  animals  to  add  to  them  almost  indefinitely.  Two  other  more 
*  general  phenomena  of  distribution,  which  it  appeared  to  be  difficult  to 
reconcile  with  the  deriyative  hypothesis,  were  also  briefly  adyerted  to, 
these  were  the  existence  of  "  tropicopolitan  "  forms,  that  is,  of  forms 
common  to  the  tropics  of  both  hemispheres,  and  the  presence  of  seyeral 
closely  allied  species  in  the  same  area.  In  the  first  case,  it  was 
difficidt  to  understand  where  the  continent  could  haye  fcmuerly 
existed  which  afforded  a  home  to  the  ancestors  of  the  similar  species 
now  so  widely  separated.  In  the  second  place,  it  neyer  appeared  to 
haye  been  explained  satisfactorily  how  more  than  one  form  could  haye 
succeeded  to  a  pre-existing  one  in  the  same  area,  and  the  hypothesis 
that  allied  forms  had  always  originated  in  separate  areas,  and  had 
come  together  into  the  same  area  by  immigration,  appeared,  in  some 
cases  to  be  almost  untenable. 

These  and  other  minor  difficulties  had  led  the  author  rather  to 
question  whether  identity  of  structure  must  be  taken,  vnthatU  exeeption, 
as  an  indication  of  immediate  descent  from  a  common  parentage.  At 
any  rate,  the  subject  seemed  to  be  one  still  open  for  discussion,  and 
not,  as  some  recent  writers  had  appeared  to  assume,  a  matter  which 
must  be  regarded  as  fully  and  inoontroyertibly  set  at  rest 
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The  BeUrioraitUm  of  OU  Paintings. 

Oil  paintings  are  subject  to  various  kinds  of  changes,  which  may 
be  considered  as  diseases,  requiring  different  treatment  according  to 
their  different  nature.  A  science  needs  to  be  formed,  a  pathology  and 
therapeutics  of  oil  paintings.  The  pathology  would  have  to  describe 
and  explain  those  diseases  and  their  progress,  and  to  deyelop  the 
methods  by  which  a  correct  diagnosis  could  be  arrived  at  in  each  in- 
dividual case.  The  therapeutics  would  teach  the  remedies  which 
might  be  applied  either  to  cure  or  to  alleviate  the  disease,  or  at  least 
to  stop  its  progress.  A  hygiene  would  follow,  which  would  have  to 
teach  how  to  avoid  pernicious  influences,  and  which,  besides,  while 
giving  precepts  for  the  technical  process  of  painting,  would  have  to 
forestall  those  constitutional  diseases  which,  even  in  cases  where  no 
noxious  influences  can  be  traced,  are  the  causes  of  decay,  after  a  com- 
paratively short  period  of  existence.  As  medical  science  is  above  all 
things  based  on  Anatomy  and  Physiology,  so  the  exact  knowledge  of 
the  structure  of  a  picture  would  have  to  be  acquired  previously  to 
any  study  of  its  disease.  Unfortunately,  direct  investigation  alone  can 
procure  no  such  exact  knowledge  :  on  the  contrary,  we  are  obliged  to 
enter  upon  a  minute  historical  investigation  of  the  material  as  well  as 
of  the  technical  methods  adopted  by  artists  of  different  schools  and 
different  periods. 

The  excellent  works  of  Cennino  Cennini,  M6rim6e,  Sir  Charles 
Eastlake,  Mrs.  Merrifield,  and  others,  have  already  furnished  most 
valuable  material;  but  still  the  field  for  investigation  remains 
unlimited;  for,  in  order  to  enable  us  to  secure  the  conservation  of 
each  valuable  painting,  we  ought  to  know  exactly  how  it  was  made. 
The  artists  of  the  present  time  would  spare  infinite  trouble  to  the  in- 
vestigators of  future  times,  if,  along  with  their  works,  they  would 
leave  the  account  of  their  practice  in  the  case  of  each  picture.  A 
treatment  without  exact  knowledge  of  the  normal  condition,  as  well 
as  of  the  nature  of  the  disease,  is,  as  we  shall  see,  as  dangerous  for 
the  picture  as  it  would  be  in  the  case  of  living  beings. 

Professional  restorers  of  pictures  admit  this  danger  in  a  general 
way ;  each  of  them,  however,  is  convinced  that  he  himself,  by  his 
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personal  knowledge,  skill,  and  oare  knows  how  to  avoid  it.  The 
public  pays  too  little  attention  to  the  subject,  and  therefore  it 
occurred  to  me  that  it  might  be  useful  to  give  a  short  account  of 
what  we  know  about  this  question,  of  the  changes  to  which  oil 
paintings  are  exposed,  as  well  as  of  the  means  either  to  avoid  or  to 
cure  them. 

We  have  to  consider,  first,  the  material  on  which  the  artist  has 
painted,  that  is,  as  feir  as  oil  painting  is  concerned,  principally  wood 
and  canvas. 

Secondly,  the  priming,  that  is,  the  substance  with  which  the 
surface  was  prepared  in  order  to  be  made  fit  for  painting. 

Thirdly,  the  painting  itself,  that  is,  the  pigments  and  vehicles 
used  for  it,  and  the  liquids  that  were  added  during  the  painting,  the 
mediums,  meguilp,  siccative,  varnish,  essential  oils,  &c. 

Fourthly,  the  coat  or  coats  of  varnish  spread  over  the  picture. 

The  wood  on  which  a  picture  has  been  painted  may  either  warp, 
or  get  chinks  in  it,  or  become  worm-eaten,  or  even  altogether  rotten. 
Against  warping,  the  remedy  usaally  applied  is  moisture.  If  the 
panel  is  very  thick,  it  is  first  made  somewhat  thinner ;  then  the  back 
is  moistened,  and  ihe  picture  is  left  to  lie  on  its  back  for  twelve  to 
twenty-four  hours,  after  which  time  it  will  be  found  to  have  become 
straight.  Of  course  this  must  not  be  continued  longer  than  necessary, 
otherwise  the  convex  surface,  instead  of  becoming  plane,  would  become 
concave.  When  straight,  the  picture  is  kept  so  by  beads  which  have 
to  be  adapted  in  a  particular  way,  a  certain  degree  of  shifting  being 
allowed  for  the  expansion  and  contraction  of  the  wood. 

Cracks  in  the  wood  are  drawn  together  by  inserting  pieces  of 
wood  of  a  special  shape. 

Sublimate  solutions  are  employed  to  destroy  worms. 

Trifling  losses  of  substance  are  replaced  by  cement.  Small  por- 
tions of  rotten  wood,  not  extending  too  near  the  painting,  are  cut  out 
and  replaced  by  wedge-shaped  pieces.  If,  however,  the  greater  part, 
or  the  whole  substance  of  the  panel,  is  rotten,  the  picture  must  be 
separated  from  it  and  transferred  to  new  wood,  or  rather  to  canvaa 

This  was  first  tried  by  Hacquin  in  Paris,  and  was  performed 
successfully  upon  many  pictures,  and,  among  others,  upon  one  of 
Raphael's  Madonnas,  in  the  Gallery  du  Louvre,  and  upon  Sebastian 
del  Piombo's  '  Resurrection  of  Lasams,'  now  in  the  National  Qallery. 
The  process  no  longer  appears  so  very  marvellous ;  it  is  generally 
executed  in  the  following  way : — 

First  of  all,  the  surface  of  the  picture  is  pasted  over  with  gauze 
and  paper.  After  that  the  wood  is  made  straight  by  moistening,  or, 
if  necessary,  by  making  incisions  with  the  saw,  into  which  cuneiform 
pieces  of  wood  are  driven.  By  means  of  a  tenon-saw  the  panel  is  to 
be  sawn  into  little  squares,  which  must  be  removed  by  a  chisel,  and 
in  this  way  the  thickness  of  the  wood  is  reduced  to  half  an  inch ;  it  is 
then  planed  until  it  becomes  no  thicker  than  paper,  and  the  rest  is 
removed  by  means  of  a  knife  and  with  the  fingers.    The  painting 
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being  thiu  Bovered  from  its  basis,  it  can  be  fixed  on  canvas,  if  the 
priming  is  snffioientlj  preserved.  In  the  opposite  case,  a  mixture 
made  of  chalk  and  glue,  or  something  of  the  kind,  most  be  put 
on  first,  and  very  ev^y  smoothed  after  being  dry.  This  done,  the 
new  canvas  has  to  be  fixed  upon  it  by  means  of  a  mixture  of  glne, 
varnish,  and  turpentine,  and  the  sabstanoe  of  the  picture  pressed 
tightly  and  evenly  against  it  by  means  of  warm  irons. 

In  order  to  avoid  deterioration,  the  most  minute  precepts  have 
been  given  for  preparing  the  paneL  It  has  to  be  taken  from  the  best 
oak,  or  nut-trees,  or  cedars.  The  wood  is  to  be  cut  into  boards 
during  winter>time,  and  kept  till  autumn  before  being  dried ;  it  can 
then  be  prepared  only  in  the  following  spring,  Ac.  It  would  certainly 
be  preferable  to  give  up  wood  panels  altogether  for  large  pictures, 
and  only  to  think  of  means  to  make  the  canvas  stronger.  For  small 
pictures,  panels  ojQBar  certain  advantages,  and  can  be  more  easily  pre- 
served from  decay. 

In  the  canvas  we  meet  with  the  results  of  injuries  or  spontaneous 
decay.  A  rent  may  be  mended  by  rags  of  linen  stuck  at  Uie  badk  of 
the  picture.  Even  a  hole  may  be  filled  up  by  pieces  taken  from  other 
decayed  paintings.  If  the  picture  is  considerably  danuiged,  it  will  be 
best  to  line  it  But  if  the  whole  canvas  is  rotten  and  tattered,  it  will 
be  preferable  to  sacrifice  it  by  pulling  off  the  threads  one  by  one, 
after  having  secured  the  painting  itself  by  pasting  paper  on  the  front 
of  it  This  done,  the  painting  is  transfened  to  another  canvas  in  the 
same  way  as  those  removed  from  wood. 

There  are  different  modes  of  priming,  which  may  be  brougbt 
under  two  principal  heads :  the  distemper  and  the  oil  priming. 

1.  The  canvas  is  distempered  by  a  mixture  of  chalk  or  plaster 
and  paste,  or  glue,  which  may  be  laid  on  raw,  unbleached  canvas,  or 
this  latter  may  be  beforehand  prepared  with  glue  or  paste.  Several 
coats  of  this  mixture  must  be  put  on  in  succession,  one  being  p^ectly 
dry  before  the  next  can  be  applied.  Many  of  the  older  oil  paintings 
are  painted  on  such  ground.  It  has  the  advantage  of  being  quicker 
prepared,  of  absorbing  the  excess  of  oil,  of  permitting  the  colour  to 
enter  into  the  priming,  and  to  dry  quicker,  and,  moreover,  of  con- 
taining a  white  absolutely  innocuous  to  the  other  colours. 

The  inconveniences,  on  the  other  hand,  are :  that  it  more  easily 
breaks,  and  under  the  infiuenoe  of  humidity  separates  from  the 
canvas. 

2.  The  oil  priming  consists  of  several  coats  of  oil  colours.  As 
each  of  these  must  be  perfectly  dry  before  the  next  is  laid  on,  and  as, 
moreover,  time  must  be  given  to  the  whole  to  dry  completely  before 
painting  upon,  in  order  to  avoid  the  sinking  in  of  the  colours,  the 
whole  preparation  is  much  slower  than  the  distemper.  Nevertheless 
it  is  now  generally  adopted. 

Bey,  in  France,  has  pointed  out  a  process  which  is  a  compromise 
between  the  two  methods:  he  begins  by  distempering,  and  after 
several  coats  of  distemper,  having  dried  one  after  the  other,  he  puts  a 
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coat  of  oil  wlucb,  as  it  were,  changes  the  distempered  ground  into  an 
oil-colour  ground. 

With  oil  priming  it  is  of  importance  that  the  principal  colour  be 
white-lead,  to  which  are  added  comparatively  small  quantities  of 
yellow,  black,  or  other  colours.  For  a  whole  century  a  school, 
that  of  Bologna,  predominated  in  Italy,  which  abandoned  this 
principle.  During  the  second  half  of  the  17th  and  the  first  half 
of  the  18th  century,  most  of  the  Italian  masters  of  other  schools 
followed  its  example.  Probably  for  the  purpose  of  obtaining  more 
easily  the  desired  effect  of  Ihe  chiaroscuro  they  painted  on  a 
brownish-red  priming,  which  consisted  of  bolus  mixed  with  umber. 
Not  one  of  those  pictures  has  kept  its  original  colouring.  Not  only 
has  the  priming  cabsed  all  the  dark  parts  to  grow  mudi  darker,  but 
it  has  destroyed,  or  nearly  so,  all  the  glazing,  so  that  only  those 
colours  can  be  recognized  which  either  contain  white,  or  are  glazed 
on  white.  I  can  ^ow  you  numerous  instances  of  this,  for,  on 
account  of  the  extreme  fertility  of  this  school,  there  is  little 
difficulty  in  procuring  pictures  of  masters  of  that  time  or  of  their 
pupils. 

Wood  priming  does  not  require  the  same  elasticity  as  that  of  the 
canvas,  which  ought  to  be  capable  of  being  rolled.  Therefore  the 
priming  of  the  wc^  shows  less  variations.  It  is  generally  composed 
of  cha&  or  plaster,  tempered  with  starch,  paste,  size,  or  glue,  and 
more  or  less  thickly  laid  on.  In  some  pictures  of  different  centuries 
we  find,  either  between  the  wood  and  the  priming,  or  between  the 
priming  and  the  painting,  canvas,  and  exceptionally  even  paper. 

The  diseases  of  the  priming  are  not  of  a  very  complicated  nature. 
They  manifest  themselves  principally  in  three  difi^ent  ways :  1,  by 
cracks  in  the  priming  itself :  2,  by  the  severance  of  the  priming  from 
the  painting ;  3,  by  the  severance  of  the  priming  from  the  wood  or 
the  canvas.  The  third  disease  is  by  far  the  most  frequent,  especially 
among  pictures  on  canvas  distempered  with  paste.  If  small  pieces 
only  are  scaling  off  or  blistering,  they  are  fixed  again  to  the  ground 
by  letting  a  solution  of  size  pass  between  the  detached  part  and  the 
canvas,  and  pressing  both  gently  together.  If  the  deterioration  extends 
over  a  considerable  surface,  the  picture  has  to  be  lined.  While  this 
is  being  done,  and  while  the  gluing  substance  penetrates  into  the 
picture,  the  detached  parts  are  pressed  on  again  with  slightly  heated 
irons.  If  the  whole  priming  threatens  to  come  o£^  it  will  be  better 
to  take  the  picture  entirely  from  the  panel  or  canvas,  and  to  transfer 
it  to  a  new  canvas. 

I  shall  show  you  examples  illustrating  the  before-mentioned 
points,  and  among  them  two  pictures;  one  in  oil,  taken  off  from 
canvas,  the  other  in  tempera,  taken  off  from  wood.  Both  of  them, 
strange  to  say,  have  escaped  destruction  without  having  been  trans* 
ferred  to  a  new  canvas,  and  without  being  covered  with  paper,  as  is 
nsuidly  done,  before  taJdng  them  off.  They  show  you  the  painting 
by  itself  from  both  sides.    I  have,  of  course,  used  every  precaution 
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in  bringing  them  safely  over  from  Florence,  where  I  happened  to 
difiooyer  them  carelessly  stowed  away  among  heaps  of  old  pictures. 

We  come  now  to  the  most  important  part  of  the  picture,  the  paint- 
ing itself.  We  meet  very  often  with  the  idea  that  the  old  masters 
lud  been  in  possession  of  colours,  that  is  pigments,  the  knowledge 
of  which  has  been  lost,  and  that  this  accounts  principally  for  the 
difference  between  the  oil  pamting  of  the  15th  and  16th  centuries,  on 
the  one  hand,  and  that  of  the  18ih  and  19th  on  the  other.  But  this 
is  a  great  mistake.  We  know  perfectly  well  the  pigments  used  by 
the  old  masters ;  we  possess  the  same,  and  a  considerable  number  of 
new  ones,  good  as  well  as  bad,  in  addition.  In  using  the  expres- 
sion of  good  and  bad,  I  am  principally  thinking  of  their  durability. 
From  this  point  of  view  the  pigments  can  be  placed  under  three 
headings : — 

1.  Those  which  are  durable  in  themselves,  and  also  agree  well  with 
the  other  pigments  with  which  they  have  to  be  mixed. 

2.  Such  as  when  sufficiently  isolated  remain  unaltered ;  but  when 
in  contact  with  certain  other  pigments  change  colour,  or  alter  the 
others,  or  produce  a  reciprocal  modification. 

8.  Those  which  are  so  little  durable  that,  even  when  isolated  from 
other  pigments,  the  mere  contact  of  the  vehicle,  the  air,  or  the  light, 
makes  them  in  time  fade,  darken,  or  disappear  altogether. 

The  old  masters  used,  without  reserve,  only  those  belonging  to 
the  first  of  these  three  categories.  For  those  belonging  to  the  second 
they  imposed  on  themselves  certain  limits  and  precautions.  Those 
belonging  to  the  third  they  did  not  use  at  all. 

That  some  of  the  modem  masters  have  not  followed  these  prin- 
ciples is  not  owing  to  a  lost  secret,  but  to  the  fact  that  they  disregturded 
those  well-known  principles,  and  even  consciously  acted  against  them. 
In  Sir  Joshua  Reynolds'  diajy,  for  instance,  we  read  that  in  order  to 
produce  certain  tints  of  flesh,  he  mixed  orpiment,  carmine-lake,  and 
blue-black  together.  ^  Now,  orpiment  is  one  of  the  colours  of  the 
second  category,  carmine-lake  one  of  the  third.  That  is  to  say: 
orpiment,  as  long  as  it  remains  isolated,  keeps  its  brilliant  yellow  or 
reddish-orange  colour ;  but  when  mixed  with  white-lead  it  decom- 
poses, because  it  consists  of  sulphur  and  arsenic,  and  it,  moreover, 
blackens  the  white-lead,  because  the  sulphur  combines  with  it 
Carmine-lake,  even  if  left  isolated,  does  not  stand  as  an  oil  odour, 
and  therefore  has  been  superseded  by  madder-lake. 

Unfortunately  some  of  the  most  brilliant  colours  are  perishable  to 
such  a  degree  that  they  ought  never  to  be  used ;  yet,  it  seoms  to  me, 
that  just  in  one  branch  of  art  in  which  of  late  remarkable  progress 
has  been  made,  I  mean  landscape  painting,  the  artists,  in  order  to 
obtain  certain  effects  of  colour  not  easily  to  be  realized,  do  not  always 
resist  the  temptation  to  make  use  of  a  number  of  pigments  the  non- 
durability  of  which  is  proved  beyond  doubt.  However  that  may  be,  I 
think  it  pretty  certain  that  the  pigments  in  themselves  play  only  a 
subordinate  part  in  the  deterioration  of  oil  paintings,  and  that  the 
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principal  part  belongs  to  the  yehide  with  which  the  colours  are 
ground,  and  to  the  liquids  which  are  added  during  the  painting. 
I  hope,  therefore,  you  will  excuse  my  making  some  elementaiy 
explanations  about  these  liquids. 

Oil  and  fat  are  bodies  consisting  of  carbon,  hydrogen  and  oxygen. 
They  may  be  considered  as  salts  in  which  glycerine,  as  a  basis,  is  com- 
bined with  different  acids,  stearic  acid,  pabnio  add,  oleic  acid.  If 
oil  is  exposed  to  the  air,  it  changes;  certain  kinds  of  oil  remain 
liquid;  others  become  thicker  and  darker,  and  are  gradually  trans- 
formed into  hard  and  opaque  bodies.  The  drying  of  oils  is  based 
upon  a  chemical  process,  during  which  the  oil  oxicSzes  by  absorbing 
oxygen  from  the  air,  and  combining  a  part  of  it  with  carbon  to  form 
carbonic  acid,  and  another  part  with  hydrogen  to  form  water.  The 
different  oils  dry  with  different  rapidity,  but  this  rapidity  may  be 
modified  by  the  presence  of  certain  substances,  or  by  certain  treatment. 
Linseed  oil,  for  instance,  according  to  the  way  in  which  it  has  been 
pressed  out  of  the  seed,  contains  more  or  less  mucilaginous  substances. 
These  latter  impede  ike  drying  of  the  oil,  and  have  therefore  to  be 
removed  by  a  refining  process.  If  linseed  oil  in  a  shallow  vessel  is 
exposed  to  the  air  and  light,  and  especially  to  a  green  light,  it  soon 
begins  to  dry,  and  is  truisformed  first  into  a  Imid  of  varnish  and 
gradually  into  a  solid  opaque  substance.  The  drying  may  be  quick- 
ened by  boiling,  and  more  particularly  by  the  addition  of  lead,  zinc, 
or  manganese.  In  this  way  a  quick-drying  oil  yamish  may  be  pre- 
pared and  used  as  a  siccatiye.  It  follows  that  there  are  certain 
substances  which  impede  the  drying  of  oils,  and  others  which  facilitate 
it  Amongst  the  pigments  are  some  which  belong  to  this  category 
of  bodies,  white-lead,  zinc-white,  minium,  yermilion,  for  instance, 
fiacilitate  the  drying;  others,  such  as  ivory-black,  bitumen,  madder- 
lake,  will  impede  it.  Supposing  now  we  should  add  to  each  of  the 
different  pigments  the  same  quantity  of  oil,  the  drying  of  it  would 
progress  at  different  rates.  But  in  reality  this  difference  is  veiy 
greatly  increased  by  the  fact  that  the  different  pigments  require  very 
different  quantities  of  oil,  in  order  to  be  ground  to  the  consistency 
requisite  for  painting. 

Pettenkofer  quotes  the  following  figures,  given  to  him  by  one  of 
the  colour  manufacturers : — 

100  parts  (weight)  White-lead require  12  parte  of  oil. 

„  „  Zinc-white „  14  „ 

„  „  Oreen  chrome      ....  „  15  „ 

„  „  Chrome-yellow    ....  „  19  „ 

„  „  Vermilion „  25  „ 

„  „  Light  red      „  31  „ 

„  ,,  Madder-lake        ....  m  62  „ 

„  „  Yellow  ochre       ....  „  66  „ 

„  „  Light  ochre „  75  „ 

„  „  Oamers-brown     ....  „  75  „ 

„  „  Brown  manganese      ..  „  87  „ 

„  „  Terreverte „  100  „ 
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100  parts  (weight)  Parisian-bine      ..     ..  require  106  parts  of  oil. 

„  „         Burnt  terre  verte  m     112  „ 

„  w  Berlin-blue „     112  „ 

„  „  lyory-black  ......  ,,112  „ 

Cobalt „     125 

„  „         Florentine-brown       ..  „     150  „ 

„  „         Burnt  terra  sienna     ..  „     181  ^ 

ft  „         Raw  t^ra  sienna  „     240  „ 

Aooording  to  this  table  a  hundred  parts  of  the  quick-drying 
white-lead  are  ground  with  twelve  parts  of  oil,  and  on  the  other 
hand,  tixe  slow-drying  ivory-black  requires  one  hundred  and  twelve 
parts  of  oiL 

It  is  very  important  that  artists  should  haye  an  exact  knowledge  of 
these  matters.  But  it  seems  to  me  that  they  are  insufficiently  known 
to  most  of  them.  All,  of  course,  know  perfectly  how  different  the 
drying  quality  of  different  colours  is.  Bat  that  these  different  colours 
introduce  into  the  picture  so  different  a  quantity  of  oil,  and  how  large 
this  quantity  is  in  the  colours  they  buy,  and  further,  that  the  oil 
as  well  as  the  mediums  or  siccatives  they  add  to  dry  the  colours,  are 
gradually  transformed  into  a  caoutchouc-like  opaque  substance,  which 
envelops  and  darkens  the  pigments;  and  moreover,  that  the  oil 
undergoes — not  in  the  beginning,  but  much  later  on  when  it  is 
already  completely  dry — changes  of  volume,  and  so  impairs  the 
continuity  of  the  picture, — all  this  is  not  sufficiently  known. 
Otherwise,  the  custom  of  painting  with  the  ordinary  oil  colours 
to  be  bought  at  any  colourman's,  would  not  have  been  going  on  for 
nearly  a  htmdred  years  in  spite  of  all  the  clearly  shown  evil  results ; 
results  due,  chiefly,  to  thx  pbimoipal  xnemt  or  oil  paimtino,  that 
IS  to  bat,  thb  oil. 

That  the  masters  of  the  15th  and  16th  centuries  did  not  use 
colours  prepared  in  this  way,  you  may  consider  as  absolutely  certain ; 
and  if  we  hear  the  lost  secret  spoken  of^  and  if  we  read  that  the  pupils 
of  the  old  masters  had  to  pledge  themselves  to  keep  the  secret,  we  may 
be  sure  that  it  is  neither  the  method  of  painting  nor  Uie  pigment  used 
for  it  which  is  concerned  in  that  secret,  but  exclusively  the  way  of 
preparing  the  colours.  The  preparation  was  a  very  complicated  one, 
varying  with  the  different  pigments;  and  we  know  that  the  pupils 
passed  six  years,  that  is  half  of  the  apprenticeship,  in  grinding  the 
colours  for  the  master. 

And  therefore  it  is  to  this  very  point  that  everyone  who  wishes  to 
study  the  method  of  the  old  masters  must  first  of  all  direct  his 
attention.  I>  too,  was  led  by  the  study  of  this  question,  to  analyze 
and  restore  old  pictures.  The  possibility  of  making  such  analysis  we 
owe  to  the  relation  between  the  old  masters  and  their  pupils.  Of 
course  we  could  not  dissect  or  chemically  analyse  works  of  Titian 
or  Eaphael.  But  fortunately  the  pupils  painted  with  the  same 
material  and  by  the  same  method  as  the  masters,  and  thousands  of 
pictures  by  the  pupils,  wellpre$erved  or  in  different  stages  of  decay, 
may  be  easily  procured. 
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I  have  myself  from  among  a  very  great  number  of  Buoh  pictnrea, 
selected  about  one  hundred  Bpeounens,  part  of  which  I  have  brought 
before  you.  As  their  artistic  value  is  not,  as  you  perceive,  of  the 
highest  description,  we  need  not  feel  any  scrapie  in  experimenting 
upon  or  even  destroying  them,  if  we  can  thereby  gain  any  valuable 
information. 

If  we  compare  the  pictures  of  the  Italian  and  Dutch  schools  of 
the  16th,  16th,  and  17th  centuries,  with  those  of  the  French  and 
English  schools  of  the  last  hundred  years,  we  are  struck  by  the  great 
difference  in  the  nature  of  their  diseases.  We  may  divide  fiiose 
diseases  into  constitutional  ones — that  is  to  say,  such  as  are  based  on 
the  method  and  the  material  used  for  painting,  and  into  those  pro- 
duced by  external  influences. 

The  Dutch  pictures  of  the  15th,  16ih,  and  17th  centuries,  and  the 
Italian  pictures  of  the  15th  and  16th  centuries,  seem  to  me  perfectly 
firee  from  constitutional  diseases.  It  is  only  in  the  17th  century  that 
the  Italian  pictures  show  a  special  constitutional  alteration,  caused  by 
the  practice  of  the  Bologna  school. 

The  pictures  of  the  last  hundred  years  of  the  French  school,  of  a 
part  of  the  English  school,  and  some  painters  of  other  schools,  have 
been  attacked  by  a  constitutional  disease  perfectly  defined  and  charac- 
teristic of  this  period. 

Among  external  influences  injurious  to  oil  painting,  we  have  to 
.  consider  dampness,  heat,  bad  air,  dust,  smoke,  mechanical  injuries, 
and  last,  not  least,  the  destructive,  or  *^  altering  "  hand  of  the  picture 
restorer. 

Pettenkofer's  scientiflc  researches  first  clearly  defined  the  influ- 
ence of  humidity  on  oil  paintings,  showing  that  it  produced  a  discon- 
tinuity of  the  molecules  of  the  vehicle  and  the  resinous  substances. 
As  glass,  when  pulverized  and  thereby  mixed  with  air,  loses  its 
transparency,  and  water,  when  mixed  with  oil,  becomes  of  a  milky 
aspect,  so  Uie  oily  and  resinous  substances  contained  in  paintings 
will  become  dim  as  soon  as  air  penetrates  between  their  particles. 
The  picture  thus  assumes  a  greyish,  dim  appearance,  and  the  pigments 
seem  to  have  been  fading.  That  this  is  not  really  the  case  has  been 
proved  by  the  influence  of  a  process  invented  by  Pettenkofer,  which 
he  calls  regeneration.  In  a  flat  box  the  picture  is  exposed  to  air 
impregnated  with  alcohol.  Of  this  latter,  the  resinous  elements  of 
the  picture  absorb  a  certain  quantity,  swell  and  fill  up  the  interstices 
between  the  separated  particles  so  as  to  reunite  them  into  an  optically 
homogeneous,  transparent  substance. 

The  alcohol  does  not  affect  in  the  same  way  the  hardened  oil. 
If  the  interstices  between  its  particles  are  not  filled  up  by  the 
swelling  resin,  it  becomes  necessary  to  introduce  a  new  substance 
into  the  picture,  and  this  is  called  nourishing  a  picture. 

Pettenkofer  has  the  great  merit  of  having  clearly  proved  that  the 
nourishing  of  a  picture  with  oils,  as  the  custom  was  formerly,  and 
still  is  to  some  degree,  is  a  very  objectionable  proceeding,  as  it  has 
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the,  effect  of  darkening  the  colours  for  oyer.  He  recommends,  instead 
of  oil,  balsam  of  copaiva,  which  has  since  become  an  inyalnable 
means  for  preserving  and  restoring  oil  paintings,  and  will  be  more  and 
more  extensively  nsed. 

I  have  frequently  applied  Pettenkofer's  method,  and  with  very 
beneficial  effect ;  but  whenever  I  mentioned  it  to  professional  picture- 
restorers,  here  as  well  as  on  the  Continent,  I  always  found  ihem  to 
reject  it,  either  a  priori^  or  after  experiments  incorrectly  made. 

In  Munich,  it  seems,  the  pictures  of  all  periods  and  of  all  schools 
have  had  to  suiOTer  under  local  influences  and  through  the  changes  in 
the  humidity  of  the  air.  This  accounts  for  Pettenkofer  having 
principally  described  this,  so  to  say,  endemical  disease.  In  other 
galleries  this  affection  does  not  appear  so  frequently,  and  Petten- 
kofer*s  method,  therefore,  will  not  find  everywhere  die  same  exten- 
sive application  as  at  Munich.  I  think,  however,  that  with  some 
modifications  it  may  be  employed  against  some  other  alterations. 
I  have,  for  instance,  found  it  efficacious  with  paintings  which  had 
been  injured  by  exposure  to  great  heat.  I  shall  show  you  a  small 
picture  which  had  been  hanging  for  a  long  time  so  near  a  gas  flame 
that  it  was  almost  completely  scaling  o%  and  so  entirely  faded  that 
it  scarcely  looked  Hke  an  oil  painting  at  all.  In  that  state  it  was 
exposed  to  alcoholized  air,  then  nourished  with  balsam,  and  its  back 
slightly  varnished;  and  the  scales  starting  from  the  canvas  were 
refiixed  by  pressure.  And  now  it  appears  fresh  in  colour,  firm  in 
substance,  and  perfectly  smooth  on  its  surface.  The  old,  cracked 
varnish,  melted  together  by  the  alcohol,  looks  as  if  fresh  laid  on. 

Humidity  sometimes  favours  the  development  of  fungus.  The 
round,  black,  small  spots  which  pass  through  the  canvas  and  the 
painting  of  these  two  pictures  are  produced  by  the  same  little  plant 
which  Professor  Tyndall  showed  you  when  he  spoke  on  the  highly 
interesting  subject  of  spontaneous  generation. 

Oil  and  water,  so  injurious  to  oil  paintings,  enter  both  into  the 
material  used  for  lining.  Anxious  to  exclude  these  sources  of  danger, 
and  to  simplify  the  whole  process,  I  have  endeavoured  to  replace  it 
by  a  new  method  which  I  shall  submit  to  you  this  evening. 

How  paintings  may  be  disfigured  by  restorers  you  see  in  this 
picture,  which  was  renovated  with  oil  colours  according  to  the  practice 
only  abandoned  about  thirty  years  ago,  when  it  was  advantageously 
replaced  by  the  use  of  varnish  colours. 

The  amount  of  external  injury  oil  paintings  sometimes  endure 
and  stand  is  perfectly  amazing.  Pictures  in  the  course  of  centuries, 
during  the  destructive  fury  of  wars  and  revolutions,  may  have  been 
torn  out  of  their  frames,  rescued  from  below  the  ruins  of  burned 
monasteries,  may  subsequently  have  passed  from  one  bric-^brac  shop 
to  another,  where  they  have  been  piled  up,  to  be  pulled  about  at  each 
new  inspection,  and  literally  trodden  under  foot,  whereby  they  have 
finally  been  reduced  to  a  state  of  colourless,  greyish,  or  black  rags. 
StOl  such  pictures  may  not  unfrequently  be  awakened,  as  it  were,  to 
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new  life,  to  their  original  brilliancy  of  colour ;  if,  with  all  necessary 
care,  their  injured  Umbs  are  puf  together  again,  their  wounds  are 
healed,  and  fresh  nourishment,  air,  and  thorough  cleansing,  are 
administered  to  their  lacerated  bodies. 

A  sound  constitution  is,  of  course,  a  necessary  condition  for 
obtaining  any  such  result,  without  it  we  can  only  obtain  a  partial 
cure.  We  see  this  with  reference  to  the  Bologna  school  of  the 
17th  century.  The  pictures  which  you  see  here  are  instances  of  this. 
From  the  state  of  rags  to  which  they  were  reduced  they  have  passed, 
by  appropriate  treatment,  into  the  state  of  firm,  even,  well-conditioned, 
and  clean  pictures.  The  constitutional  alteration  characteristic  of 
their  time  and  school,  however,  could  not  be  cured.  You  will,  there- 
fore, perceive  that  the  contrast  is  too  great  between  light  and  shade, 
that  the  half  tones  are  too  weak,  and  tbit  the  glazings  spread  on  dark 
ground,  which  certainly  existed  formerly,  have  been  destroyed  by  the 
growing  of  bolus  and  umber  of  the  priming.  That  this  is  not  the 
fault  of  the  method  of  restoration  is  dearly  proved  by  the  state  in 
which  you  will  find  all  the  pictures  of  this  school,  even  those  best 
preserved  in  the  best  galleries  of  all  countries. 

The  constitutional  diseases  of  pictures  belonging  to  the  French 
and  to  the  English  school  of  the  last  hundred  years  are  of  still  more 
serious  nature,  and  much  more  difficult  to  cure.  Many  of  them, 
though  they  were  never  exposed  to  any  injury  whatever,  nor  are 
likely  ever  to  be  so  in  our  present  state  of  civilization,  cannot  be 
guarded  from  premature  decay  in  spite  of  all  possible  care  with 
which  they  are  kept. 

The  principal  symptoms  of  their  bad  constitution  are : — 

1.  Darkening  of  the  opaque  bright  colours. 

2.  Fading  of  the  transparent  bnlliant  colours. 

8.  Darkening,  and  above  all,  cracking  of  the  transparent  dark 
colours. 

The  best  opportunity  to  study  these  several  appearances  is  given 
us  in  the  Museum  of  the  Louvre,  which  contains  a  great  number 
of  such  pictures  in  the  section  occupied  by  the  French  school.  I 
have  paid  particular  attention  to  the  cracks  in  these  pictures,  as  I  find 
that  in  shape,  in  size,  in  position,  as  well  as  in  relation  to  the  various 
colours,  they  differ  distinctly  from  the  cracks  in  older  pictures  and  in 
those  of  other  schools.  This,  of  course,  is  of  importance,  not  only  for 
the  explanation  of  the  reasons  which  pit)duced  them,  but  as  a  symptom 
which,  in  a  given  case,  might  determine  the  diagnosis,  whether  a 
picture  be  an  original  or  only  a  copy.  The  special  characteristics  of 
these  cracks  are  tiie  following : — 

They  are  all  but  exclusively  found  in  the  thickly  laid  on  trans- 
parent dark  colours,  and  they  are  the  deeper  and  the  more  gaping  in 
proportion  to  the  thickness  of  the  layer  of  the  colour  and  &e  extent 
of  Uie  dark  surfEw^e.  The  chief  cracks  run  parallel  to  the  outUnes  of 
surfaces  painted  with  bright  opaque  colours,  such,  for  instance,  as  are 
used  for  the  flesh  tints,  and  which  are  more  or  lees  thickly  laid  on. 
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But  there  is  generally  a  slight  distance  between  the  bright  oolonrs  and 
the  cracks. 

Lateral  branches  of  these  cracks  pass  into  the  white,  bnt  they,  do 
not  gape,  provided  the  white  colours  had  been  laid  on  directly  npon 
the  priming,  and  not  upon  a  layer  of  dark  transparent  and  not 
sufficiently  dried  colour. 

This  examination  of  the  cracks  of  pictures  has  sometimes  afforded 
me  a  peculiar  insight  into  the  practice  used  for  the  picture.  In  the 
well-known  picture,  for  instance,  by  Gu^ricault,  of  "  The  Wreck  of 
the  Medusa,"  in  the  GkiUery  of  the  Louvre,  the  cracks  follow  exactly 
the  outlines  of  the  bright  fiesh-tints.  The  arm  of  one  of  the  dead 
bodies  hanging  in  the  water  is  so  covered  by  planks  and  water  that 
nothing  of  the  forearm  is  to  be  seen.  It  is,  however,  very  easy  to 
prove  that  originally  that  arm  was  painted  in  all  its  length,  for  the 
cracks  do  not  only  follow  the  outline  of  the  visible  upper  arm,  bat 
also  the  no  longer  visible  forearm,  and  all  the  five  fingers.  This 
proves  that  the  fore-part  of  the  arm  and  the  hand  were  originally 
painted  in  flesh  tints  before  they  were  covered  over  by  the  planks,  and 
the  water  painted  afterwards.  In  Ingres'  portrait  of  Oherubini,  the 
hoe  of  the  latter  is  beautifully  preserved,  whilst  that  of  the  Muse,  as 
well  as  her  drapery,  is  covered  with  cracks.  In  the  depth  of  the  cracks 
of  the  white  drapery,  an  intense  blue  tint  is  to  be  seen.  Mr.  Henri 
Lehmann,  of  Paris,  tiie  favourite  pupil  of  Ingres,  who  knows  the  history 
of  this  picture  as  an  eye-witness,  and  whom  I  consulted  about  this 
very  striking  appearance,  gave  me  the  following  information  : — Ingres 
painted  the  head  of  Cherubini  in  Paris,  and  then  took  it  with  him  to 
Home.  There  it  was  pieced  into  a  new  canvas  and  lined.  Then  the 
Muse  was  painted,  and  before  the  colours  were  perfectly  dry,  another 
model  was  chosen,  and  a  new  Muse  painted  over  the  old  one.  The 
colour  of  the  drapery  was  likewise  altered,  and  this  explains  the 
cracks  in  the  white  colour,  and  explains  also  why  tho  blue  appears  in 
the  depth  of  the  cracks  of  the  drapery. 

Among  the  English  artists  of  the  last  hundred  years,  some  have 
painted  with  the  same  material  and  by  the  same  process  as  their 
French  contemporaries,  and  consequently  with  the  same  unfortunate 
results.  Others  avoided  these  by  using  the  same  material  with  more 
precautions.  Others,  again,  and  among  them  Sir  Joshua  Beynolds,  have 
in  their  different  works  followed  various  practices,  and  consequently 
had  varied  results.  Thus  some  of  Sir  Joshua's  pictures  have  kept 
perfectly  sound.  Others  are  cracked  in  the  characteristic  way  just 
mentioned.  Others,  again,  are  cracked  in  an  absolutely  irregular 
way.  We  can  easily  form  an  idea  of  it,  if  we  read  in  his  *  Diary 
Notes,'  for  instance,  the  way  in  which  he  painted  the  portrait  oi 
Miss  Eirkman,  which  he  began  with  whiting  and  gum  tragacanth, 
then  covered  it  successively  with  wax,  then  white  of  eggs,  and  then 
varnished  it. 

The  study  of  the  alterations  already  fully  developed  in  pictures 
painted  within  the  last  hundred  years  only,  and  their  comparison  with 
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the  works  of  the  old  masters,  would  suggest  the  following  rules  for 
the  process  of  painting  :— 

1.  The  oil  should  in  all  colours  be  reduced  to  a  minimum,  and 
under  no  form  should  more  of  it  than  absolutely  necessary  be  intro- 
duced into  a  picture. 

2.  All  transparent  colours  which  dry  very  slowly,  should  be 
ground  not  with  oil  at  all,  but  with  a  resinous  yehide. 

8.  No  colour  should  be  put  on  any  part  of  a  picture  which  is  not 
yet  perfectly  dry ;  and,  above  all,  never  a  quick-drying  colour  upon  a 
slowly  drying  one,  which  is  not  yet  perfecUy  dry. 

4.  White  and  other  quick-drying  opaque  colours  may  be  put  on 
thickly.  On  the  contrary,  transparent  and  slowly  drying  colours 
should  always  be  put  on  in  thin  layers. 

If  the  offset  of  a  thick  layer  of  these  latter  is  required,  it  must  be 
produced  by  laying  one  thin  layer  over  another,  taking  care  to  have 
one  completely  dry  before  the  next  is  laid  on.  If  transparent  colours 
are  mixed  with  sufficient  quantity  of  white-lead,  they  may  be  treated 
like  opaque  ones. 

We  come  now  to  the  last  layer  of  the  picture,  to  that  one  which  is 
spread  over  its  sur&ce  in  order  to  equalize  optical  irregularities^  and 
to  protect  it  at  the  same  time  from  the  air.    I  mean  the  varnish. 

The  varnish  may  crack  or  get  dim,  then  it  should  be  treated  by 
Pettenkofer*s  method ;  but  it  may  become  dark  yellow,  brown  and 
dirty,  and  so  hide  the  picture  that  it  becomes  necessary  to  take  it  off 
and  to  replace  it  by  a  thin  layer  of  new  varnish.  It  is  here  that  pic- 
ture restorers,  or  we  may  say  picture  cleaners,  display  their  beneficial 
skill,  and  also  their  very  destructive  activity. 

If  a  picture  is  throughout  painted  in  oil,  if  its  substance  has 
remained  sound  and  even,  and  varnished  with  an  easily  soluble 
mastioh  or  dammar  varnish,  then  there  will  be  neither  difficulty 
nor  icUmger  in  removing  the  varnish.  This  can,  in  such  a  oase^  be 
done  either  by  a  dry  process,  that  is,  by  rubbing  the  sur&oe  with 
the  tips  of  the  fingers,  and  thus  reducing  the  varnish  by  degrees  to 
a  fine  dust,  or  by  dissolving  the  varnish  by  application  of  liquids, 
which,  when  brought  only  for  a  short  time  into  contact  with  ^e  oil 
painting,  will  not  endanger  it.  We  have,  however,  seen  that  the 
works  of  the  old  masters  are  not  painted  with  oil  colours  like  those 
used  by  modem  painters,  but,  on  the  contrary,  that  certain  pigments, 
and  especially  the  transparent  colours  used  for  glazing,  were  ground 
only  with  resinous  substances.  These  latter  have,  in  the  course  of 
time,  been  so  thoroughly  united  with  the  layer  of  varnish  spread  over 
the  surfiEuse  of  the  picture,  that  there  no  longer  exists  any  decided 
limit  between  the  picture  and  the  varnish.  It  is  in  such  pictures 
that  a  great  amount  of  experience,  and  knowledge  of  the  process  used 
for  the  picture,  as  well  as  precaution,  are  required  in  o^er  to  take 
away  from  the  varnish  as  much  only  as  is  indispensable,  and  without 
interfering  with  the  picture  itself.  Numberless  works  of  art  have 
been  irreparably  ii\jured  by  restorers,  who,  in  their  eagerness  to 
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remoye  dirt  and  TarniBh,  attacked  the  pamting  itself.  They  then 
destroyed  just  that  last  finishing  tonch  of  the  painting,  without  which 
it  is  no  longer  a  masterpiece. 

The  difficulty  and  danger  are  mnch  greater  in  cleaning  those 

Sictores  which  have  not  Iwen  varnished  with  the  ordinaiy  easily- 
issolved  mastich  or  dammar  varnish,  bat  have  been  painted  over 
with  oil,  oil-varnish,  or  oleo-resinoos  varnish.  It  seems  incredible 
that  these  substances  should  ever  be  used  for  such  purposes;  it  is, 
however,  a  &ct  that  there  are  still  people  who  fancy  that  it  will 
contribute  to  the  good  preservation  of  their  pictures  to  brush  from 
time  to  time  a  litUe  of  those  liquids  over  their  surface.  They  re- 
cognize too  late  that  the  varnish  becomes  more  and  more  dark,  of 
a  brownish  colour,  and  opaque.  If  such  varnish  has  afterwards  to 
be  removed,  then  we  meet  with  the  great  difficulty,  that  this  can  be 
done  only  with  substances  which  would  just  as  easily  dissolve  the 
whole  picture  as  the  hardened  layers  spread  over  it. 

This  shows  what  can  be  the  value  of  those  universal  remedies 
which  from  time  to  time  appear,  and  are  praised  for  the  innocuous 
way  in  which  pictures  by  their  means  may  be  cleaned. 

There  is  at  this  moment  a  great  discussion  going  on  in  Italy  about 
Luporini's  method.  Luporini  is  a  painter  and  picture-restorer  in  Pisa, 
who  believes  himself  to  have  invented  a  new  means  of  cleaning  pictures 
without  any  danger.  Some  months  ago,  in  Florence,  I  examined  a  large 
number  of  pictures  deaned  by  him.  Those  of  the  Gkdlery  of  St.  Donato^ 
belonging  to  Prince  Demidoff,  mostly  Flemish  and  Dutch  landscapes, 
are  cleaned  very  well  and  without  any  injury  to  the  painting.  On 
the  contrary,  the  St.  John,  by  Andrea  del  Sarto,  one  of  the  finest  pic- 
tures of  the  Palazzo  Pitti,  I  found  very  much  altered  by  the  restoration 
of  Luporini.  I  had  studied  that  picture  very  closely  the  year  before, 
and  should  now  sooner  believe  it  to  be  a  modem  copy  than  the  cleaned 
originaL  It  has  lost  all  softness  of  outline,  and  the  characteristio 
expression  of  the  face.  The  change  in  the  flesh  tints  can  scarcely  be 
explained  otherwise  than  by  an  entire  removal  of  the  glazing. 

I  think  it  is  t^ing  a  heavy  responsibility  to  allow  a  new  eixpeiri' 
ment  to  be  tried  upon  such  an  invaluable  work  of  art  Even  private 
persons,  who  are  fortunate  enough  to  be  in  possession  of  such  treasures, 
ought  to  feel  responsible  for  the  good  preservation  of  masterpieces, 
which  are,  it  is  true,  their  material  property,  but  which  intellectually 
belong  to  the  whole  civilized  world  of  tiie  present  and  of  the  future. 

IE.L.] 
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GENERAL  MONTHLY  MEETING, 

Monday,  March  4, 1878. 

GsoBOB  Busk,  Esq.  F.E.S.  Treasurer  and  Yice-Presideni, 
in  the  Chair. 

The  Earl  of  Denbigh, 

The  Lady  Loaisa  Mills, 

Charles  Aldin,  Esq. 

William  Aldin,  Esq. 

John  Ashby,  Esq. 

The  Lady  Belcher, 

Mrs.  Barton  Borongh, 

Henry  Edmnnds,  jnn.  Esq. 

Joseph  Findlater,  Esq. 

Mrs.  Goodall, 

Thomas  Gregory,  Esq. 

Francis  Harns,  M.D.  F.L.S. 

Adolphns  F.  Janvrin,  Esq. 

Mrs.  W.  S.  Eirkes, 

Charles  J.  Longman,  Esq. 

Charles  Marett,  Esq. 

William  Henry  Michael,  Esq. 

Mrs.  Bichard  Comwallis  Moore, 

Thomas  Morson,  Esq. 

Bndolf  Neele,  Esq. 

Mrs.  Charlotte  May  Norman, 

William  Bobert  Phelips,  Esq. 

Arthur  Bokeby  Price,  Esq. 

Bev.  Alexander  Taylor,  M.A. 

Walter  Weldon,  Esq.  F.B.S.E.  F.C.S. 

Miss  Florence  Caroline  Wheatstone, 

were  elected  Members  of  the  Boyal  Institution. 

The  Special  Thanks  of  the  Members  were  given  to  Wabbkn  Db 
LA  Bub,  Esq.  D.C.L.  for  his  Donation  of  Fifty  Pounds  for  the 
benefit  of  the  Chemical  Laboratory,  and  of  Apparatus  for  the  Lique- 
faction of  Gases  for  the  Physical  Laboratory. 

The  Pbbsbnts  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  via. : — 

FROM 

Lord$  of  the  CommiUee  of  Council  on  Education — ConferanoeB  held  in  connection 
wl&  the  Special  Loan  Golleotion  of  Scientific  Apparatus,  1876.  2  voU.  8to. 
1877. 
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Aeadema  dei  Lincei,  Boms—AHL  Serie  HI.  TraosoxitL  Vol  II.  Faao.  1,  2.    4to. 

1878. 
Agricultural  Society  of  Englandj  Boyol— Joornal,  Second   Series,  YoL  XIIL 

Part  2.    8vo.    1877. 
American  PhUoBopkical  SodHy—VrooeedmgB,  No.  88.    8Ya    1872. 
Astrorumieal  Society,  Boyal—Jdonihij  Notices,  Vol  XXXVIIL  Na  8.     8vo. 

1878. 
British  ArchiteeU,  Boyd  InetOmie  o/— Sessional  Papers,  1878.    No.  7.    4to. 
BriiUh  Museum  TruUeee^OsLUdogne  of  Spanish  MSS.  Vol.  II.    8yo.    1877. 

Catalogne  of  Gigantic  Land  Tortoises.    4to.    1877. 
ChZf  Edward  W.  Etq.  S.L.  Jtf.iS./.  (Os  ilu^Aor)— Monograph  on  Sleep  and  Dream. 

8vo.    1878. 
Editors — ^American  Journal  of  Science  for  1878.    8?o. 
Analyst  for  Feb.  1878.    8yo. 
Athenenm  for  Feb.  1878.    4to. 
Chemical  News  for  Feb.  1878.    4to. 
Engineer  for  Feb.  1878.    foL 
Horological  Journal  for  Feb.  1878.    8yo. 
Iron  for  Feb.  187a    4to. 
Journal  for  Applied  Science  for  Feb.  1878.    fol. 
Nature  for  Feb.  1878.    4ta 
Nautical  Magazine  for  Feb.  1878.    8ya 
Pharmaceutical  Journal  for  Feb.  1878.    8to. 
Telegraphic  Journal  for  Feb.  1878.    8yo. 
FrankUn  InstUute-^oxaaaXy  No.  626.    8yo.    1877. 
Grajfs  Inn,  Honourable  Society  q/'— Supplement  to  Catalogue  of  the  Library.    8Ta 

1878. 
Harrison,  W.  H,  Esq,  (the  Editor)—^ B,\{tB  in  the  Veil':  Inspirational  Poems 

and  Elssays ;  by  Spiritualists.    12mo.    1878. 
Meteorological  Society— QuATierly  Journal,  No.  24.    8yo.    1878. 
Pharmaceutical  Society  of  Great  Britain — Catalogue  of  Museum,  1878.   8yo. 
Photographic  Society— JoutdbI,  New  Series,  No.  4.    8yo.    1878. 
Preussische  Akademie  der  Wissensehe^ien — ^Monatsberichte :  Noy.  1878.    8yo. 
Boyal  Observatory,  £Sdtn6tirg^— Astronomical  Obeeryations,  Vol.  XIY.  1870-7. 

4to.    1877. 
Royal  Society  of  XonAm— Philosophical  Transactions  for  1877.    VoL  OLXVIL 

Parti.    4to.    1877. 
Statistiodl  Society— J outdbX,  Vol.  XL.  Part  4.    8yo.    1877. 
Telegraph  Engineers,  Society  o/— The  Telegraph  Pocket-Book  for  1878.    12mo. 
United  States  Coast  Survey— ULeieoTologicsX  Besearohes,  Part  1.    4to.    1877. 
Vereins  zur  Beflfrderung  des  Gewerbfleisses  in  Preussen — ^Yerhandelungen,  1878 ; 
Heftl.    4to. 
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WEEKLY  EVENING  MEETING, 
Friday,  March  8, 1878. 

Thb  Dues  of  Nobthumbeblakd,  D.CX.  Preaident, 
in  the  Chair. 

Pbo7KB80b  Goldwin  Smith. 
The  Influence  of  Oeoffraphical  Circumsiancee  on  Politieal  Charaeter. 

Two  instances  were  taken  as  illnstrations,  one  from  ancient  and  the 
other  from  modem  history — from  ancient  history  Borne,  and  from 
modem  history  England. 

In  the  case  of  Bome,  the  influence  of  geographical  ciroomstance 
was  traced  in  her  selection  hy  natore  as  the  principal  seat  of  nulitary 
power,  of  political  organization  and  of  law.  The  speaker  then  pro- 
ceeded to  England. 

We  have  two  large  islands  close  to  a  continent,  and  that  continent 
which  hitherto  hy  natural  election  has  heen  the  chief  seat  of  civiliza- 
tion. One  island  is  much  larger  than  the  other,  and  the  larger  island 
lies  between  the  continent  and  the  smaller.  The  larger  island  is  so 
placed  as  to  receive  primsdval  immigration  firom  three  quarters :  from 
France ;  from  the  coast  of  Northern  Germany  and  the  Low  Countries ; 
and  from  Scandinavia,  the  transit  being  rendered  easier  in  the  last 
case  by  the  prevailing  winds  and  by  the  position  of  the  Shetlands  and 
the  Orkneys.  The  smaller  island  can  hardly  receive  immigrants 
except  through  the  larger.  The  western  parts  of  the  larger  island 
are  mountainous,  and  it  is  divided  into  two  very  unequal  parts  by  the 
Cheviots  and  the  mosses  of  the  Border.  The  Iwrger  island  luis  extensive 
districts  well  adapted  for  grain :  the  climate  of  a  great  part  of  the 
smaller  island  is  too  wet  for  grain,  and  good  only  for  pasture.  The 
larger  island  is  full  of  minerals  and  coal :  of  which  the  smaller  island 
is  almost  destitute.  These  are  the  most  salient  features  of  the  scene 
of  English  history. 

What,  politicidly  speaking,  are  the  special  attributes  of  an  island  ? 
In  the  first  place  it  is  likely  to  be  settled  by  a  bold  and  enterprising 
race.  Migration  by  land,  under  the  pressure  of  hunger,  calls  for  no 
great  effort  of  courage  or  intelligence  on  the  part  of  the  nomad. 
Migration  by  sea  does :  we  can  hardly  realize  now  the  daring  which 
was  needed  to  put  forth  on  a  strange  element,  and  especially  to  go  out 
of  sight  of  land.    Of  the  two  elements  which  make  up  our  nationality 
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the  Oeltio  had  only  to  pass  the  Channel  which  yon  can  see  across ;  bnt 
the  Tentonic,  which  is  the  dominant  element  and  the  basis  of  onr 
character  and  institutions,  had  to  pass  an  ocean  which  yon  cannot  see 
across.  From  Scandinavia  especially  England  received,  nnder  the 
form  of  freebooters,  who  afterwards  became  conquerors  and  settlers, 
the  very  core  and  sinews  of  her  maritime  population,  the  progenitors 
of  the  Blakee  and  Nelsons.  The  Northman,  like  the  PhoBnician,  bad 
a  country  too  narrow  for  him,  and  timber  for  ship-building  at  hand. 
But  the  land  of  the  Pboanioian  was  a  lovely  land  which  bound  him  to 
itself;  and  wherever  he  roved,  his  heart  was  still  in  the  pleasant 
abodes  of  Lebanon  and  the  sunlit  quays  of  Tyre.  Thus  he  became  a 
merchant,  and  the  fiftther  of  all  who  have  nuide  the  estranging  sea  a 
bond  and  highway  between  nations.  The  land  of  the  Scfmduiavian 
was  not  a  lovely  land ;  he  was  glad  to  exchange  it  for  a  sunnier 
dwelling  place,  and  he  became  the  founder  of  Norman  kingdoms. 
One  can  hardly  help  lingering  over  these  primieval  mariners,  for  there 
is  no  romance  in  history  equal  to  theirs.  In  our  days  science  has 
gone  before  the  most  adventurous  keel,  limiting  possibilities,  and  dis- 
enchanting the  universe  of  Ulysses  and  Sindbad ;  but  the  Phoenician 
and  the  Northman  put  off  into  a  really  unknown  world.  Not  only  is 
a  race  which  comes  by  sea  likely  to  be  peculiarly  vigorous,  but  the  very 
process  of  maritime  migration  would  intensify  tlie  spirit  of  freedom  and 
independence.  Timur  or  (Genghis  Khan,  sweeping  from  land  to  land 
with  the  vast  human  herd  under  his  command,  becomes  more  despotic 
as  the  herd  becomes  larger  and  the  area  of  its  conquests  is  increased. 
But  a  maritime  migration  is  a  number  of  little  jointstock  enterprises, 
implying  common  councils  and  a  good  deal  of  equality.  It  naturally 
results  also  in  a  number  of  small  and  separate  settlements,  which 
again  is  fi&vourable  to  local  self-government. 

Another  attribute  of  an  islwd  is  freedom  from  invasion,  which 
brings  with  it  comparative  immunity  from  standing  armies.  And 
perhaps  we  have  owed  more  politically  to  this  comparative  immunity, 
than  it  is  flattering  to  our  self-esteem  to  suppose.  Charles  I.  had  no 
standing  army,  and  the  nation  was  then  able  to  hold  its  own  against 
the  Crown ;  but  the  later  Stuarts  had  learned  wisdom  from  Charles's 
example ;  they  had  a  standing  army,  and  then  the  nation  had  to  call 
in  the  Prince  of  Orange.  To  go  back  to  an  earlier  period,  John  and 
his  mercenaries  would  have  beaten  the  Barons  and  annulled  the  Great 
Charter,  if  England  had  not  been  rescued  at  the  critical  moment  by 
the  ambition  of  the  French  prince.  Navies  are  not  political,  they  do 
not  overturn  constitutions. 

A  third  consequence  of  insular  position  is  isolation,  especially  in 
early  times.  An  extreme  case  of  isolation  is  Egypt,  which  is  in  fact 
a  great  oasis  or  island  in  the  desert  The  extraordiinary  fertility  of 
the  vidley  of  the  Nile  produced  an  early  development  which  was 
afterwards  arrested  by  its  isolation,  artificially  intensified  by  the 
jealousy  of  a  powerful  priesthood ;  and  the  great  monuments  of  the 
early  devdopment  remained  unapproached,  enigmatic,  and  mysterious 
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for  oyer.  England,  by  her  insnlaritj,  escaped  all  permanent  trace  of 
Boman  conquest ;  Scotland  and  Ireland  escaped  the  conquest  alto- 
gether, for  tiie  tide  of  invasion,  which  for  a  moment  flowed  to  the  foot 
of  the  Grampians,  soon  ebbed  to  the  line  of  the  great  wall,  the  western 
wing  of  a  system  of  defences  which  once  guarded  civilization  from  the 
Sol  way  to  tiie  Euphrates.  Instead  of  being  a  land  of  Boman  provincials 
with  a  ruling  Teutonic  race,  like  France  or  Spain,  England  became 
purely  Teutonic,  and  for  a  time  was  lost  to  Christendom  and  civiliza- 
tion. The  missionary  monk  recovered  what  the  legionary  had  lost. 
When  Ethelbert  advanced  to  meet  Augustine  on  the  beach  of  Kent, 
Teutonism  was  united  to  Christendom,  to  ecclesiastical,  and  to  what 
remained  of  ancient  Eome.  The  fifth  great  element  of  our  political 
character,  classical  republicanism,  came  in  at  a  later  day.  Still  after 
the  conversion,  the  English  Church  remained  national,  and  to  the  eye 
of  a  Roman  High  Churchman  half  schismatic:  to  bring  her  into 
perfect  union  and  obedience  was  the  object  of  Bome  in  seconding  the 
enterprise  of  the  Norman  Conqueror.  Into  much  closer  union  and 
much  stricter  obedience  she  was  brought ;  but  she  did  not  lose  her 
insular  character ;  and  the  Beformation,  as  a  national,  though  not  as  a 
doctrinal  revolt  from  Bome,  commenced  in  England  as  early  as  the 
thirteenth  century.  In  the  sixteenth  century  ue  breaking  up  of  the 
great  federation  of  Christendom  threw  England  back  into  an  isolation 
tempered  by  her  connection  with  the  Protestant  party  on  the  Con- 
tinent. Since  that  time  the  growth  of  European  interests,  of  com- 
merce, of  international  law,  of  international  intercourse  of  every 
kind,  of  the  community  of  intellect  and  science,  have  been  building 
up  again,  on  a  sounder  foundation  than  that  of  the  Latin  Church,  the 
federation  of  Europe,  or  rather  the  federation  of  mankind.  Of  late 
the  sympathy  of  England  witii  European  politics  has  been  increasing 
in  a  marked  way.  But,  in  the  past,  Englfutid,  while  too  dose  to  the 
continent  of  Europe  not  to  be  a  part  of  the  European  system,  has 
been  a  peculiar  and  semi-independent  part  of  it.  She  has  acted  as  a 
sort  of  balancing  and  moderating  power.  She  has  been  the  asylum  of 
vanquished  parties  and  ideas.  In  the  seventeenth  century,  when  the 
Catholic  and  absolutist  reaction  prevailed  on  the  Continent,  she  was 
the  chief  refuge  of  Protestantism  and  political  freedom.  When  the 
French  Bevolution  swept  over  the  Continent,  she  threw  herself  into 
the  reactionary  scale.  The  tricolor  has  gone  nearly  round  the  world, 
at  least  nearly  round  Europe;  but  on  the  flag  of  England  still 
remains  the  rddgious  symbol  of  the  pro-revolutionary  era. 

There  are  certain  features  of  the  insular  character  which  we  hear 
of  sometimes  from  our  neighbours.  Their  influence  may  be  traced  all 
through  the  history  of  our  international  relations — notably  in  the 
desperate  effort  to  be  rid  of  us  which  has  immortalized  Joan  of  Arc. 
They  have  made  enemies  to  us  even  of  those  who  have  received  liber- 
ation or  other  benefits  at  our  hands.  Among  them  is  an  insular 
incapacity,  very  unfortunate  in  the  case  of  an  imperial  nation,  for 
mingling  with  people  of  other  races,  or  even  for  living  on  kindly 
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terms  with  them.  We  have  been  the  most  beneficent  of  conquerors, 
and  tiie  least  beloved. 

It  is  needless  to  point  ont  the  e£fect  of  onr  insular  position  in 
developing  maritime  enterprise  and  trade  with  the  corresponding 
elements  of  political  character.  We  shall  touch  on  this  point  pre- 
sently in  another  connection.  These  islands  lie  most  favourably  for 
maritime  enterprise  and  trade,  not  only  with  respect  to  Europe  and 
the  East,  but  also  with  respect  to  the  Western  hemisphere.  It  may 
be  said  that  from  its  cradle  the  English  race  looked  unconsciously 
across  the  Atlantic  to  an  immense  heritage  in  a  then  unknown  world. 

Let  us  now  look  at  the  divisions  of  the  isUnda  The  hills  of 
Devon  and  Cornwall,  the  mountains  of  Wales,  those  of  Westmoreland 
and  Cumberland,  those  of  the  Highlands  of  Scotland,  in  the  age  of 
the  steam  engine  are  the  asylum  of  natural  beauty,  poetry,  and  the 
hearts  which  seek  repose  from  the  din  and  turmoil  of  conmiercial  life. 
In  earlier  days  they,  with  seagirt  Ireland,  were  the  asylum  of  the 
weaker  race.  Here  the  Celt  found  refuge  when  Saxon  invasion 
swept  him  from  England  and  the  Scotch  Lowlands.  Here  he  was 
preserved,  with  his  own  language,  with  his  own  Church — the  Church 
of  Britain  before  Augustine — ^with  his  un-Teutonic  gifts  and  weak- 
nesses, his  quickness  of  intellect,  his  lively,  social,  sympathetic 
nature,  his  religious  enthusiasm,  his  superstition,  his  clannishness, 
his  devotion  to  personal  leaders,  his  comparative  indifference  to  insti- 
tutions, and  want  of  natural  aptitude  for  self-government. 

We  always  talk  of  Anglo-Saxons,  and  identify  the  extension  of 
our  empire  with  that  of  the  Anglo-Saxon  race.  But  taking  all  the 
elements  of  Celtic  population  in  the  two  islands  together,  they  must 
bear  a  very  considerable  proportion  to  the  Teutonic  element  That 
large  Irish  settlements  are  being  formed  in  the  cities  of  Northern 
England  is  seen  from  election  addresses,  to  which  we  allude  only 
in  an  ethnological  point  of  view.  In  the  competition  of  races  on  the 
American  continent  the  Irish  more  than  holds  its  own;  and  it  is 
but  fair  to  it  to  say  that  it  owes  its  large  increase  not  merely,  as  its 
detractors  say,  to  economic  recklessness,  but  to  its  morality  and  to  the 
qualities  of  its  women  as  mothers. 

The  Teutonic  element  has  been  the  governing  and  moulding 
element,  and  has  supplied,  as  I  said  before,  tiie  basis  of  our  character 
and  institutions ;  but  the  Celtic  element  is  not  to  be  left  out  of  sight, 
especially  since  political  enfranchisement  has  called  it  to  the  active 
exercise  of  power.  The  Celts  of  Devon  and  Cornwall  were  soon 
subdued,  and  were  then  gradually  assimilated.  The  Celts  of  Wales 
have  not  yet  been  assimilated,  and  it  was  not  till  the  reign  of 
Edward  L  that  they  were  subdued.  In  their  independent  state,  as 
enemies  of  the  English  monarchy,  they  allied  themselves  with  all 
insurrections  in  England,  and  thus  unintentionally  rendered  some 
service  to  English  liberty  in  its  perilous  struggles  with  the  power  of 
the  Crown.  They  lent  aid  to  the  Barons  of  Bunnymede,  and  the 
Oreat  Charter  accordingly  contains  an  article  in  their  &vour.    In 
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another  form  the  inflnence  of  their  separate  action  may  eyen  jet  be 
felt  in  English  politics.  The  Teutonic  monarchy  of  England  was 
powerful  enough  to  subjugate  the  Colts  of  Wides;  the  Teutonic 
monarchy  of  Scotland  was  not  strong  enough  to  subjugate,  or  even  to 
make  any  serious  attempt  to  subjugate,  the  Celts  of  the  Scotch  EUgh- 
lands.  Beyond  the  Grampians  the  dominion  of  the  Celt,  with  his 
language,  habits,  and  institutions,  remained  unimpaired.  The  clan 
retained  its  pristine  form.  The  isolation  of  the  glens  preserved  its 
separate  existence,  and  the  nature  of  the  country  precluded  the  use  of 
the  horse,  which  by  giving  birth  to  a  mounted  class  would  have  led  to 
the  growth  g(  a  nobility  and  destroyed  the  fraternal  equality  df 
the  dansmen.  The  horse  is  an  animal  whose  political  significance  is 
embodied  in  the  terms  for  aristocracy,  both  ancient  and  modem.  To 
show  how  this  preservation  of  the  dans  has  affected  the  course  of 
English  history  we  have  only  to  mention  the  names  of  Montrose, 
Dundee,  and  the  Pretender.  As  Macaulay  truly  says,  these  were 
clan  movements,  not  dynastic  rebellions,  so  far,  at  least,  as  the  masses 
were  concerned.  Like  all  clan  movements,  they  were  little  more  than 
raids,  and  their  effect  was  consequently  transient  and  superfidaL 

Far  deeper  and  more  abiding  has  been  the  effect  produced  by  the 
geographic«d  boundary  which  ultimatdy  out  off  the  Saxon  settlements 
in  t^  Lowlands  of  Scotland  from  the  kindred  settlements  in  England. 
One  direct  consequence  of  this  was  the  weakness  of  the  Scotch 
monarchy,  which  made  the  history  of  Scotland  a  perpetual  tale 
of  feudal  anarchy,  and,  though  Scotch  historians  do  not  mudi  Uke  to 
confess  it,  precluded  the  reuf  devdopment  of  Parliamentary  institu- 
tions. Another  was  border  war,  wluch  retarded  civilization  in  tiie 
whole  of  Scotland  and  over  the  northern  part  of  England,  whence 
issued,  in  the  Wars  of  the  Soses,  the  host  of  barbarous  marauders 
brought  down  upon  the  more  dvilized  South  by  the  partisans  of 
Mar^uret  of  Anjou.  But  the  most  momentous  consequence  was  a 
sepante  Scotch  Beformation.  Li  England,  the  Reformation  being 
made  by  the  Crown,  Episcopacy  was  retained  as  congenial  to 
monarchy.  Li  Scotland,  the  monarchy  being  at  that  mom^t 
practically  in  abeyance,  the  Beformation  was  made  by  the  people. 
Hence  it  assumed  the  more  republican  form  of  Plresbyterianism.  Li 
Scotland,  being  made  by  the  people,  it  had,  together  with  a  certain 
intellectual  narrowness,  the  force  and  intensity  oi  popular  conviction. 
In  England  it  was  frur  weaker,  and  might  have  succumbed,  with  the 
polit]<»l  prindples  which  were  bound  up  with  it,  to  the  reaction 
under  Charles  and  Laud.  But  Scotland  stood  firm  and  turned  the 
day.  The  resistance  of  her  Covenanting  peasantry  to  the  later 
Stuarts  again  largdy  contributed  to  the  victory  of  Protestantism  and 
liberty  in  1688.  Even  down  to  the  present  day  she  has  retained 
a  political  as  well  as  a  religious  character  of  her  own,  and  has 
exercised  a  special  and  a  very  marked  influence  on  tiie  course  of 
political  events. 

Then  as  to  the  influence  of  the  geographical  position  of  Enidand 
Vol.  Vm.    (No.  68.)  2  7^ 
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and  of  its  prodnctioxus  on  the  pnrsiiits  of  ihe  people  and  on  tiheir 
political  chuacter  as  it  is  formed  by  their  pnrsaits.  Oommercial  and 
mannfactaring  cities,  as  a  role,  are  proverbially  the  homes  of  the 
activity  of  mind  and  the  qnickness  of  sympathy  which  snpply  the 
element  of  progress.  Even  in  the  oonntry  men  who  work  in  gangs 
show  something  of  the  same  spirit.  Agricnltnre,  on  the  other  hand, 
is  conservative,  especially  where  the  estates  are  lai^.  Now,  the  mari- 
time position  and  the  mineral  products  of  England  have  together  called 
into  existence,  notably  within  the  last  oentory,  great  masses  of  com- 
mercial and  mann&ctnring  population  with  the  progressiva  tendencies 
in  politics  which  belong  to  it.  On  the  other  hand,  we  have  also  a 
large  agricultural  country,  not,  as  Pericles  called  Attica,  a  mere 
garden  and  pleasure-ground  of  the  commercial  city,  but  sufficient  to 
constitute  not  only  a  substantial  but  a  preponderatmg  interest ;  and 
ibis,  as  a  rule,  has  laid  its  weight  in  llie  other  scale.  Thus  there 
has  been,  not  an  equilibrium,  but  an  alternate  action  of  political 
forces  which  has  kept  the  country,  on  the  whole,  in  the  line  of  sure 
and  steady  progress.  In  the  great  feudal  kingdoms  of  Europe,  where 
the  cities  were  weak,  the  element  of  progress  was  wanting.  In  the 
commercial  cities  of  Italy  the  conservative  element  failed  ;  popukr 
liberty  sprang  up  like  a  gourd,  and  like  a  gourd  it  withered.  In 
English  politics  ground  has  been  slowly  gained,  but  it  has  seldom 
been  lost  again ;  tiiere  have  been  violent  oscillations,  especially  when 
political  and  religious  struggles  have  come  together ;  but  there  has 
been  no  final  victory  of  reaction.  We  are  speaking  only  of  the  past ; 
as  to  the  present  and  ftiture,  if  we  were  not  afraid  of  approaching  any 
controverted  question,  we  might  perhaps  be  able  to  show  that  agencies 
are  at  work  which  will  probably  change  the  scene. 

The  very  obvious  fftcts  just  stated  might  be  copiously  illus- 
trated, if  illustration  were  needful,  by  reference  to  the  history  of  party 
struggles  in  England.  In  the  Middle  Ages  London  was  the  heurt  of 
the  reforming  and  progressive  party.  At  the  time  of  the  Wars  of  the 
Boses,  thou^  there  was  not  much  principle  on  either  side,  of  the 
two  parties  the  Yorkists  were  the  popular  reformers,  while  Margaret 
of  Anjou  and  her  fiivourites  were  absolutists  and  reactionists ;  the 
banners  of  all  the  great  cities  were  in  the  Yorkist  ranks,  while  the 
Lancastrians  drew  their  forces  mainly  from  the  North,  which  was  then, 
economically  and  socially,  the  very  opposite  of  what  it  is  now.  In 
the  time  of  Charles  I.  the  South  and  East  were  still  the  great  seats  of 
commerce,  manufacturing  industry,  and  wealth ;  and  these  districts 
were  on  the  side  of  the  Parliament.  The  King  was  strong  in  the  North 
and  West.  The  North  was  under  the  influence  of  the  Boyalist 
Marquis  of  Newcastle,  in  whom  the  powerful  feudal  lord  of  the 
Middle  Ages  was  blended  with  the  elegant  grandee  of  the  Benaissance, 
who  raised  regiments  among  his  own  retainers,  and  whose  depart- 
ment was  rather  that  of  an  independent  prince  than  that  of  a  subject 
But  Bradford  and  one  or  two  other  towns,  in  which  manufactures  were 
just  beginning  to  rise,  were  Parliamentarian,  and  followed  the  standard 
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of  ihe  Fairfaxes.  In  the  West  also  commercial  cities,  such  as  Glonoester 
and  Bristol,  though  completely  within  the  King's  country,  were  Parlia- 
mentarian. If  a  city  was  Boyalist,  it  was  under  ecclesiastical 
influence.  It  ia  true  that  the  most  a^ent  supporters  and  the  best 
soldiers  of  the  Parliament  were  farmers ;  but  those  men  were  not 
tenants  at  will,  they  were  small  freeholders  or  leaseholders,  called  into 
existence  to  a  great  extent  by  the  great  territorial  revolution  which 
accompanied  the  Reformation  ;  and  moreover  they,  like  their  leader, 
were  set  in  motion  not  so  much  by  political  zeal  as  by  religion.  Men  of 
all  classes  indeed,  even  wealthy  and  titled  landowners,  were  in  that  age 
raised  to  a  remarkable  extent  by  religious  enthusiasm  above  material 
and  social  interests.  There  was  here  an  important  limitation  to  the 
range  of  physical  influences,  at  all  events  to  the  range  of  physical 
influences  of  a  direct  kind ;  and  it  is  the  more  to  be  noted,  because 
the  colony,  the  production  of  which  was  to  humanity  at  large  the  most 
momentous  result  of  the  Bevolution,  was  distinctly  a  religious  colony, 
and  succeeded  on  that  very  account,  when  gold-seeking  and  com- 
mercial colonies,  notwithstanding  all  that  maritime  enterprise  and 
everything  which  we  can  directly  trace  to  physical  influences  could  do 
for  tiiem,  had  failed. 

It  is  needless  to  say  how  completely  the  political  topography  of 
England  had  been  changed  between  the  reign  of  Oharles  I.  and  the 
reign  of  William  lY.,  or  how  great  a  part  in  that  change  had  been 
played  by  coaL 

The  speaker  concluded  with  an  application  of  the  same  principles 
to  the  case  of  Ireland,  showing  that  ihe  calamities  of  her  hii^ory  were 
traceable  to  nature  as  much  as  to  man. 

[G.  S.] 
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WEEKLY  BVENma  MEETING, 

Friday,  March  15, 1878. 

Thb  Dukb  of  Nobthumbbblakd,  D.O.L.  President,  in  the  Chair. 

Tn  LoBD  Batldgh,  M.A«  F.B.&  Jir..BJ. 

The  EwplatuUion  of  certain  Acoustical  Pheiufmena. 

Musical  sounds  have  their  origin  in  the  vibrations  of  material  systems. 
In  many  cases,  e.  g.  the  pianoforte,  the  vibrations  are  free,  and  are 
then  necessarily  of  short  duration.  In  other  cases,  e.  g.  organ  pipes 
and  instruments  of  the  violin  dass,  the  vibrations  are  maintained, 
which  can  only  happen  when  the  vibrating  body  is  in  connection  with 
a  source  of  energy,  capable  of  compensating  the  loss  caused  by  friction 
and  generation  of  aerial  waves.  The  theory  of  free  vibrations  is 
tolerably  complete,  but  the  explanations  hitherto  given  of  maintained 
vibrations  are  generally  inadequate,  and  in  most  cases  altogether 
illusory. 

In  consequence  of  its  connection  with  a  source  of  energy,  a 
vibrating  body  is  subject  to  certain  forces,  whose  nature  and  effects 
are  to  be  estimated.  These  forces  are  divisible  into  two  groups. 
The  first  group  operate  upon  the  periodic  time  of  the  vibration,  i.  e. 
upon  the  pitch  of  the  resulting  note,  and  their  effect  may  be  in  either 
direction.  The  second  group  of  forces  do  not  alter  the  pitch,  but 
either  encourage  or  discourage  the  vibration.  In  the  first  case  only 
can  the  vibration  be  maintained ;  so  that  for  the  explanation  of  any 
maintained  vibration,  it  is  necessary  to  examine  the  character  of  the 
second  group  of  forces  sufficiently  to  discover  whether  their  effect  is 
&vourable  or  unfavourable.  In  illustration  of  these  remarks,  the 
simple  case  of  a  oonmon  pendulum  was  considered.  The  effect  oi  a 
smidl  periodic  horizontal  impulse  is  in  general  both  to  alter  the 
periodic  time  and  the  amplitude  of  vibration.  If  the  impulse  (sup- 
posed to  be  always  in  the  same  direction)  acts  when  the  pendulum 
passes  through  its  lowest  position,  the  force  belongs  to  the  second  group. 
It  leaves  the  periodic  time  unaltered,  and  encourages  or  discourages 
the  vibration  according  as  the  direction  of  the  pendulum's  motion  is 
the  same  or  the  opposite  of  that  of  the  impulse.  If,  on  the  other 
hand,  the  impulse  acts  when  the  pendulum  is  at  one  or  other  of  the 
limits  of  its  swing,  the  effect  is  solely  on  the  periodic  time,  and  the 
vibration  is  neither  encouraged  nor  disoouragBd.    In  order  to  en- 
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oonrage,  i.  e.  practically  in  order  to  maintain  a  vibration,  it  is  neces- 
Bary  l£at  the  forces  should  not  depend  solely  upon  the  position  of  tiie 
vibrating  body.  Thns,  in  the  case  of  the  pendolmn,  if  a  small  im- 
pulse in  a  given  direction  acts  upon  it  every  time  that  it  passes 
through  its  lowest  position,  the  vilnration  is  not  maintained,  the  ad- 
vantage gained  as  the  pendnlmn  makes  a  passage  in  the  same  direction 
as  that  in  which  the  impulse  acts  being  exactly  neutralized  on  the 
return  passage,  when  the  motion  is  in  the  opposite  direction. 

As  an  example  of  the  application  of  these  principles  the  mainte- 
nance of  an  electric  tuning  fork  was  discussed.  If  the  magnetic 
forces  depended  only  upon  the  position  of  the  fork,  the  vibration 
could  not  be  maintained.  It  appears  therefore  fliat  the  explanations 
usually  given  do  not  touch  the  real  point  at  alL  The  flAct  that  the 
vibrations  are  maintained  is  a  proof  that  the  forces  do  not  depend 
solely  upon  the  position  of  the  fork.  The  causes  of  deviation  are 
two — the  self-induction  of  the  electric  currents,  and  the  adhesion  of 
the  mercury  to  the  wire  whose  motion  makes  and  breaks  the  contact. 
On  both  accounts  the  magnetic  forces  are  more  powerful  in  the  latter 
than  in  the  earlier  part  of  the  contact,  although  the  position  of  the 
fork  is  the  same ;  and  it  is  on  this  difference  that  the  possibility  of 
maintenance  depends.  Of  course  the  arrangement  must  be  such  that 
the  retardation  of  force  encourages  the  vibration,  and  the  arrangement 
which  in  fact  encourages  the  vibration  would  have  had  the  opposite 
effect,  if  the  nature  of  electric  currents  had  been  such  that  they  were 
more  powerful  during  the  earlier  than  during  the  later  stages  of  a 
contact. 

In  order  to  bring  the  subject  within  the  limits  of  a  lecture,  one 
dass  of  maintained  vibrations  was  selected  for  discussion,  that, 
namely,  of  which  heat  is  the  motive  power.  The  best  understood 
example  of  this  kind  of  maintenance  is  that  afforded  by  Trevelyan's 
bars,  or  rockers.  A  heated  brass  or  copper  bar,  so  shaped  as  to  rock 
readily  from  one  point  of  support  to  another,  is  laid  upon  a  cold 
block  of  lead.  The  communication  of  heat  through  the  point  of 
support  expands  the  lead  lying  immediately  below  in  such  a  manner 
that  the  rocker  receives  a  small  impulse.  During  the  interruption  of 
the  contact  the  communicated  heat  has  time  to  disperse  itself  in  some 
degree  into  the  mass  of  lead,  and  it  is  not  difficult  to  see  that  the  im« 
pulse  is  of  a  kind  to  encourage  the  motion.  But  the  most  interesting 
vibrations  of  this  class  are  those  in  which  the  vibrating  body  consists 
of  a  mass  of  air  more  or  less  completely  confined. 

If  heat  be  periodically  communicated  to,  and  abstracted  from,  a 
mass  of  air  vibrating  ^for  example)  in  a  cylinder  bounded  by  a  piston, 
the  effect  produced  will  depend  upon  the  phase  of  the  vibration  at 
which  the  transfer  of  heat  takes  place.  If  heat  be  given  to  the  air 
at  the  moment  of  greatest  condensation,  or  taken  from  it  at  the 
moment  of  greatest  rarefaction,  the  vibration  is  encouraged.  On  the 
other  hand,  if  heat  be  given  at  the  moment  of  greatest  rarefaction,  or 
abstracted  at  the  moment  of  greatest  condensation,  the  vibration  is 
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difloomaged.  The  latter  effect  takes  place  of  itself,  when  the  rapidity 
of  alternation  is  neither  very  great  nor  very  small,  in  consequence  of 
radiation ;  for  when  air  is  condensed  it  becomes  hotter,  and  commn- 
nicates  heat  to  snrronnding  bodies.  The  two  ertreme  cases  are 
exceptional,  though  for  different  reasons.  In  the  first,  which  oone- 
sponds  to  the  suppositions  of  Laplace's  theory  of  the  propagation  of 
sound,  there  is  not  sufficient  time  for  a  sensible  transfer  to  be  effected* 
In  the  second,  the  temperature  remains  nearly  constant,  and  the  loss 
of  heat  occurs  during  the  process  of  condensation,  and  not  when  the 
condensation  is  effected.  This  case  corresponds  to  Newton's  theoiy 
of  the  Telocity  of  sound.  When  the  transfer  of  heat  takes  place  at  the 
moments  of  greatest  condensation  or  of  greatest  rarefiAction,  the  pitch 
is  not  affected. 

If  the  air  be  at  its  normal  density  at  the  moment  when  the  transfer 
of  heat  takes  place,  the  vibration  is  neither  encouraged  nor  discouraged, 
but  the  pitch  is  altered.  Thus  the  pitch  is  raued^  if  heat  be  com- 
municated to  the  air  a  quarter  period  before  the  phase  of  greatest  con- 
densation, and  the  pitch  is  lowered  if  the  heat  be  conmmnicated 
a  quarter  period  after  the  phase  of  greatest  condensation. 

In  general  both  kinds  of  effects  are  produced  by  a  periodic 
transfer  of  heat.  The  pitch  is  altered,  and  tiie  vibrations  are 
either  encouraged  or  discouraged.  But  there  is  no  effect  of  the 
second  kind  if  the  air  concerned  be  at  a  loop,  i.  e.  a  place  where  the 
density  does  not  vaiy,  nor  if  the  communication  of  heat  be  the  same 
at  any  stage  of  rarefaction,  as  in  the  corresponding  stage  of  cou- 
densatioh. 

The  first  example  of  aerial  vibrations  maintained  by  heat  was 
found  in  a  phenomenon  which  has  often  been  observed  by  glass- 
blowers,  and  was  made  the  subject  of  a  systematic  investigation  by  Dr. 
Sondhauss.  When  a  bulb  about  three-quarters  of  an  inch  in  diameter 
is  blown  at  the  end  of  a  somewhat  narrow  tube,  5  or  6  inches  in  length, 
a  sound  is  sometimes  heard  proceeding  from  tiie  heated  glass.  It  was 
proved  by  Sondhauss  that  a  vibration  of  the  glass  itself  is  no  essential 
part  of  the  phenomenon,  and  the  same  observer  was  very  successful  in 
discovering  the  connection  between  the  pitch  of  the  note  and  the 
dimensions  of  the  apparatus.  But  no  explanation  (worthy  of  the 
name)  of  the  production  of  sound  has  been  given. 

For  the  sa!ke  of  simplicity,  a  simple  tube,  hot  at  the  closed  end 
and  getting  gradually  cooler  towards  the  open  end,  was  first  con- 
sidered. At  a  quarter  of  a  period  before  the  phase  of  greatest  con- 
densation (which  occurs  almost  simultaneously  at  all  parts  of  the 
column)  the  air  is  moving  inwards,  i.  e.  towards  the  closed  end,  and 
therefore  is  passing  from  colder  to  hotter  parts  of  the  tube ;  but  the 
heat  received  at  this  moment  (of  normal  density)  has  no  effect  either  in 
encouraging  or  discouraging  the  yibration.  The  same  would  be  true 
of  the  entire  operation  of  the  heat,  if  the  adjustment  of  temperature 
were  instantaneous,  so  that  there  was  never  any  sensible  difference 
between  the  temperatures  of  the  air  and  of  the  neighbouring  parts  of 
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the  tube.  But  in  &ot  the  adjustment  of  temperatnre  takes  time^  and 
thus  the  temperature  of  the  air  deviates  from  that  of  the  neighbouring 
parts  of  the  tube,  inclining  towards  the  temperature  of  that  part 
of  the  tube  from  which  the  air  has  just  come.  From  this  it  follows 
that  at  the  phase  of  greatest  condensation  heat  is  received  by  the  air, 
and  at  the  phase  of  greatest  rare&ction  is  given  up  from  it,  and  thus 
there  is  a  tendency  to  maintain  the  vibrations.  It  must  not  be 
forgotten,  however,  that  apart  from  transfer  of  heat  altogether,  the 
condensed  air  is  hotter  than  the  rarefied  air,  and  that  in  order  that 
the  whole  effect  of  heat  may  be  on  the  side  of  encouragement,  it  is 
necessary  that  previous  to  condensation  the  air  should  pass  not  merely 
towards  a  hotter  part  of  the  tube,  but  towards  a  part  of  the  tube 
which  is  hotter  than  the  air  will  be  when  it  arrives  there.  On  this 
account  a  great  range  of  temperature  is  necessary  for  the  maintenance 
of  vibration,  and  even  with  a  great  range  the  influence  of  the  transfer 
of  heat  is  necessarily  unfavourable  at  the  closed  end,  where  the 
motion  is  very  small.  This  is  probably  the  reason  of  the  advantage 
of  a  bulb.  It  is  obvious  that  if  the  open  end  of  the  tube  were  heat^, 
the  effect  of  the  transfer  of  heat  would  be  even  more  unfavourable 
than  in  the  case  of  a  temperature  uniform  throughout 

The  sounds  emitted  by  a  jet  of  hydrogen,  burning  in  an  open  tube, 
were  noticed  soon  after  the  discovery  of  the  gas,  and  have  been  the 
subject  of  several  elaborate  inquiries.  The  &ct  that  the  notes  are 
substantially  the  same  as  those  which  may  be  elicited  from  the  tube  in 
other  ways,  e.  g.  by  blowing,  was  announced  by  Chladni  Faraday 
proved  that  other  gases  were  competent  to  take  tibe  place  of  hydrogen, 
though  not  without  disadvantage.  But  it  is  to  ^ndhauss  that  we 
owe  the  most  detailed  examination  of  the  circumstances  under  which 
the  sound  is  produced.  His  experiments  prove  the  importance  of  the 
part  taken  by  the  column  of  gas  in  the  tube  which  supplies  the  jet. 
For  example,  sound  cannot  be  obtained  with  a  supply  tube  which  is 
plugged  with  cotton  in  the  neighbourhood  of  the  jet,  although  no 
difference  can  be  detected  by  the  eye  between  the  flame  thus  obtained 
and  others  which  are  competent  to  excite  sound.  When  the  supply 
tube  is  unobstructed,  the  sounds  obtainable  are  limited  as  to  pitch, 
often  dividing  themselves  into  detached  groups.  In  the  intervals 
between  the  croups  no  coaxing  will  induce  a  maintained  sound,  and  it 
may  be  added  that,  for  a  part  of  the  interval  at  any  rate,  the  iiLfluence 
of  the  flame  is  inimical,  so  that  a  vibration  started  by  a  blow  is 
damped  more  rapidly  than  if  the  jet  were  not  ignited. 

Partly  in  consequence  of  the  peculiar  behaviour  of  flames  and 
partly  for  other  reasons,  the  thorough  explanation  of  these  phenomena 
is  a  matter  of  some  difficulty ;  but  there  can  be  no  doubt  that  they 
fall  under  the  head  of  vibrations  maintained  by  heat,  the  heat  being 
communicated  periodically  to  the  mass  of  air  confined  in  the  sounding 
tube  at  a  place  where,  in  llie  course  of  a  vibration,  the  pressure  varies. 
Although  some  authors  have  shown  an  inclination  to  lay  stress  upon 
the  effects  of  the  current  of  air  passing  through  the  tube,  the  sounds 
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can  readilj  be  piodnoed,  not  only  when  there  is  no  throngh  draught, 
bot  eyen  when  the  flame  is  so  situated  that  there  is  no  sensible 
periodic  motion  of  the  air  in  its  neighbourhood.  In  the  coarse  of  the 
lecture  a  globe  intended  for  burning  phosphorus  in  oxygen  gas  was 
used  as  a  resonator,  and,  when  excited  by  a  hydrogen  flame  well 
remoTod  from  the  neck,  gaye  a  pure  tone  of  about  95  yibratioiis  per 
second. 

In  consequence  of  the  variable  pressure  within  the  resonator, 
the  issue  of  gas,  and  therefore  the  development  of  heat,  varies  during 
.the  vibration.     The  question  is  under  what  circumstances  tiie  varia- 
tion is  of  the  kind  necessary  for  the  maintenance  of  the  vibra- 
tion.   If  we  were  to  suppose,  as  we  might  at  first  be  inclined  to  do, 
that  the  issue  of  gas  is  greatest  when  the  pressure  in  the  resonator  is 
least,  and  that  the  phase  of  greatest  development  of  heat  coincides  with 
that  of  the  greatest  issue  of  gas,  we  should  have  the  condition  of 
things  the  most  unfavourable  of  all  to  the  persistence  of  the  vibration* 
It  is  not  difficult,  however,  to  see  that  both  suppositions  are  incorrect. 
In  the  supply  tube  (supposed  to  be  unplugged,  and  of  not  too  small 
bore)  stationary,  or  approximately  stationary,  vibrations  are  excited, 
whose  phase  is  either  the  same  or  the  opposite  of  that  of  the  vibra- 
tion in  the  resonator.    If  the  length  oi  the  supply  tube  from  the 
burner  to  the  open  end  in  the  gas-generating  flask  be  less  than  a 
quarter  of  the  wave  length  in  hydrogen  of  tl^  actual  vibration,  the 
greatest  issue  of  gas  jpracedtft  by  a  quarter  period  the  phase  of  greatest 
condensation ;  so  that,  if  the  development  of  heat  is  retarded  somewhat 
in  comparison  with  the  issue  of  gas,  a  state  of  things  exists  favowrable 
to  the  maintenance  of  the  sound.    Some  such  retardation  is  inevitable, 
because  a  jet  of  inflammable  gas  can  bum  only  at  the  outside ;  but  in 
many  cases  a  still  more  pot^t  cause  may  be  found,  in  the  fkct  that 
during  the  retreat  of  the  gas  in  the  supply  tube  small  quantities  of 
air  may  enter  from  the  interior  of  the  resonator,  whose  expulsion 
must  be  effected  before  the  inflammable  gas  can  again  begin  to  escape. 
If  the  lenffth  of  the  supply  tube  amounts  to  exactly  one  quarter 
of  the  wave  length,  the  stationary  vibraticm  within  it  will  be  of 
such  a  character  that  a  node  is  formed  at  the  burner,  the  variable 
part  of  the  pressure  just  inside  the  burner  being  the  same  as  in 
the  interior  of  the  resonator.     Under  these  circumstances  there  is 
nothing  to  make  the  flow  of  gas,  or  the  development  of  heat,  variable, 
and  therefore  the  vibration  cannot  be  maintained.    This  particular 
case  is  free  from  some  of  the  difficulties  which  attach  themselves  to 
the  general  problem,  and  the  conclusion  is  in  accordance  with  Sond- 
hauss'  observations. 

When  the  supply  tube  is  somewhat  longer  than  a  quarter  of  the 
wave,  the  motion  of  the  gas  is  materially  di£forent  from  that  first 
described.  Instead  of  preceding,  the  greatest  outward  flow  of  gas 
foUaw$  at  a  quarter  period  interval  the  phase  of  greatest  condensation, 
and  therefore  if  the  development  of  heat  be  somewhat  retarded,  the 
whole  effect  is  unfavourable.      This  state  of  things  continues  to 
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prevail,  as  the  supply  tube  is  lengthened,  nntil  the  length  of  half  a 
wave  is  reached,  after  which  the  motion  again  changes  sign,  so  as  to 
restore  the  possibility  of  maintenance.  Although  the  size  of  the  flame 
and  its  position  in  the  tabe  (or  neck  of  resonator)  are  not  without 
influence,  this  sketch  of  the  theory  is  sufficient  to  explain  the  fact, 
formulated  by  Dr.  Sondhauss,  that  the  principal  element  in  the 
question  is  the  length  of  the  supply  tube. 

The  next  example  of  the  production  of  sound  by  heat,  shown  in 
the  lecture,  was  a  very  interesting  phenomenon  discovered  by  Bijke. 
When  a  piece  of  fine  metallic  gauze,  stretching  across  the  lower  part 
of  a  tube,  open  at  both  ends  and  held  vertically,  is  heated  by  a  gas  flame 
placed  under  it,  a  sound  of  considerable  power,  and  lasting  for  several 
seconds,  is  observed  almost  immediately  after  the  removal  of  the  flame* 
Differing  in  this  respect  from  the  case  of  sonorous  flames,  the  genera- 
tion of  sound  was  found  by  Bijke  to  be  closely  connected  with  the 
formation  of  a  through  dnraght,  which  impinges  upon  the  heated 
gauze.  In  this  form  of  the  experiment  the  heat  is  soon  abstracted, 
and  then  the  sound  ceases;  but  by  keeping  the  gauze  hot  by  the 
current  from  a  powerful  galvanic  battery,  Bijke  was  able  to  obtain 
the  prolongation  of  the  sound  for  an  indefinite  period.  In  any  case 
from  the  point  of  view  of  the  lecture  the  sound  is  to  be  regarded  as  a 
maintained  sound. 

In  accordance  with  the  general  views  already  explained,  we  have 
to  examine  the  character  of  the  variable  communication  of  heat  from 
the  gauze  to  the  air.  So  far  as  the  communication  is  affected  directly 
by  variations  of  pressure  or  density,  the  influence  is  unfavourable, 
inasmuch  as  the  air  will  receive  less  heat  from  the  gauze  when  its  own 
temperature  is  raised  by  condensation.  The  maintenance  depends 
upon  the  variable  transfer  of  heat  due  to  the  varying  moiiona  of  the 
air  through  the  gauze,  this  motion  being  compounded  of  a  uniform 
motion  upwards  with  a  motion,  alternately  upwards  and  downwards, 
due  to  the  vibration.  In  the  lower  half  of  the  tube  these  motions 
conspire  a  quarter  period  before  the  phase  of  greatest  condensation,  and 
oppose  one  another  a  quarter  period  after  that  phase.  The  rate  of 
tnuisfer  of  heat  will  depend  mainly  upon  the  temperature  of  the  air 
in  contact  with  the  gauze,  being  greatest  when  that  temperature  is 
lowest  Perhaps  the  easiest  way  to  trace  the  mode  of  action  is  to 
begin  with  the  case  of  a  simple  vibration  without  a  steady  current. 
Under  these  circumstances  the  whole  of  the  air  which  comes  in  contact 
with  the  metal,  in  the  course  of  a  complete  period,  becomes  heated ;  and 
after  this  state  of  things  is  establii^ed,  there  is  comparatively  little 
further  transfer  of  heat.  The  effect  of  superposing  a  small  steady 
upwards  current  is  now  easily  recognized.  At  the  limit  of  the  inwards 
motion,  i.  e.  at  the  phase  of  greatest  condensation,  a  small  quantity  of 
air  comes  into  contact  with  ihe  metal,  which  has  not  done  so  before, 
and  is  accordingly  cool ;  and  the  heat  communicated  to  this  quantity 
of  air  acts  in  the  most  favourable  manner  for  the  maintenance  of  the 
vibration. 
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A  quite  different  result  ensnes  if  the  gauze  be  placed  in  the  upper 
half  of  the  tube.  In  this  case  the  fresh  air  will  come  into  the  field 
at  the  moment  of  greatest  rarefaction,  when  the  communication  of 
heat  has  an  un&yourable  instead  of  a  favourable  effect.  The  principal 
note  of  the  tube  therefore  cannot  be  sounded. 

A  complementary  phenomenon  discoyered  by  Bosscha  and  Biess 
may  be  explained  upon  the  same  principles.  If  a  current  of  hot  air 
impinge  upon  cold  gauze,  sound  is  produced ;  but  in  order  to  obtain 
the  principal  note  of  the  tube  the  gauze  must  be  in  the  upper,  and  not 
as  before  in  the  lower,  half  of  the  tube.  An  experiment  due  to  Biess 
was  shown  in  which  the  sound  is  maintained  indefinitely.  The  upper 
part  of  a  brass  tube  is  kept  cool  by  water  contained  in  a  tin  yessel, 
through  the  bottom  of  which  the  tube  passes.  In  this  way  the  gauze 
remains  comparatively  cool,  although  exposed  to  the  heat  of  a  gas 
flame  situated  an  inch  or  two  below  it.  The  experiment  sometimes 
succeeds  better  when  the  draught  is  checked  by  a  plate  of  wood  placed 
somewhat  closely  over  the  top  of  the  tube. 

Both  in  Bijke's  and  Biess'  experiments  the  variable  transfer  of 
heat  depends  upon  the  motion  of  vibration,  while  the  effect  of  the 
transfer  depends  upon  the  variation  of  pressure.  The  gauze  must 
therefore  be  placed  where  both  effects  are  sensible,  i.  e.  neither  near  a 
node  nor  near  a  loop.  About  a  quarter  of  the  length  of  the  tube,  from 
the  lower  or  upper  end,  as  the  case  may  be,  appears  to  be  the  most 
&yourable  position. 

[Batlbigh.] 
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Pbofkbsob  Ttmdall,  D.CL.  LL.D.  F.B.S.  M.BJ. 

BecerU  Experiments  an  FogsigndU. 

Thk  care  of  its  sailors  is  one  of  the  first  duties  of  a  maritime  people, 
and  one  of  the  sailor's  greatest  dangers  is  his  proximity  to  the  coast 
at  night.  Hence  the  idea  of  warning  him  of  such  proximity  by 
beacon-fires  placed  sometimes  on  nattmd  eminences  and  sometimes 
on  towers  built  expressly  for  the  purpose.  Close  to  Dover  Castle, 
for  example,  stands  an  ancient  Pharos  of  this  description. 

As  our  marine  increased  greater  skill  was  invoked,  and  lamps 
reinforced  by  parabolic  reflectors  poured  their  light  upon  the  sea. 
Several  of  these  lamps  were  sometimes  grouped  togewer  so  as  to 
intensify  the  light,  which  at  a  little  distance  appeared  as  if  it  ema- 
nated from  a  single  source.  This  **  catoptric  "  form  of  apparatus  is 
still  to  some  extent  employed  in  our  lighthouse-service,  but  for  a 
long  time  past  it  has  been  more  and  more  displaced  by  the  great 
lenses  devised  by  the  illustrious  Frenchman,  Fresnel. 

In  a  first-class  *' dioptric"  apparatus  the  light  emanates  from  a 
lamp  with  several  concentric  wicks,  the  flame  of  which,  being  kindled 
by  a  very  active  draught,  attains  to  great  intensity.  In  fixed  lights 
atte  lenses  refract  the  rays  issuing  from  the  lamp  so  aa  to  cause  them 
to  form  a  luminous  sheet  which  grazes  the  sea-horizon.  In  revolving 
lights  the  lenses  gather  up  the  rays  into  distinct  beams,  resemUing 
the  spokes  of  a  wheel,  which  sweep  over  the  sea  and  strike  the  eye  of 
the  mariner  in  succession. 

It  is  not  for  clear  weather  that  the  greatest  strengthening  of  the 
light  is  intended,  for  here  it  is  not  needed.  Nor  is  it  for  densely 
foggy  weather,  for  here  it  is  ineffectuaL  But  it  is  for  the  inteiw 
mediate  stages  of  hazy,  snowy,  or  rainy  weather,  in  which  a  powerful 
light  can  assert  itself,  while  a  ifeeble  one  is  extinguished.  The  usual 
fint-order  lamp  is  one  of  four  wicks,  but  Mr.  Douglass,  the  able  and 
indefatigable  engineer  of  the  Trinity  House,  has  recently  raised  the 
number  of  the  wicks  to  six,  which  produce  a  very  noble  flame.  To 
Mr.  Wigham,  of  Dublin,  we  are  indebted  for  the  successful  applica- 
tion of  gas  to  lighthouse  illumination.  In  some  lighthouses  his 
power  varies  from  28  jets  to  108  jets,  while  in  the  lighthouse  of  Galley 
Head  three  burners  of  the  largest  size  can  be  employed,  the  tnarimnm 
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namber  of  jots  being  824.  These  larger  powers  are  invoked  only  in  case 
of  fog,  the  28-jet  burner  being  amply  sufficient  for  dear  weather.  The 
passage  from  the  small  burner  to  the  large,  and  from  the  large  burner 
to  the  small,  is  made  with  ease,  rapidity,  and  certainty.  This  employ- 
ment of  gas  is  indigenous  to  Ireland,  and  the  Board  of  Trade  has 
exercised  a  wise  liberality  in  allowing  every  feicility  to  Mr.  Wigham 
for  the  development  of  his  invention. 

The  last  great  agent  employed  in  lighthouse  illumination  is 
electricity.  It  was  in  this  Institution,  beginning  in  1831,  thai 
Faraday  proved  the  existence  and  illustrated  the  laws  of  those 
induced  currents  which  in  our  day  have  received  such  astounding 
development.  In  relation  to  this  subject  Faraday's  words  have  a 
prophetic  ring.  *'  I  have  rather,"  he  writes  in  1881,  ^  been  desirous 
of  discovering  new  i»ci»  and  new  relations  dependent  on  magneto- 
electric  induction  than  of  exalting  the  force  of  those  already 
obtained,  being  assured  that  the  latter  would  find  their  full  develop- 
ment hereafter."  The  labours  of  Holmes,  of  the  Paris  Alliance 
Company,  of  Wilde,  and  of  Gbamme,  constitute  a  brilliant  fulfilment 
of  tlus  prediction. 

But,  as  regards  the  augmentation  of  power,  the  greatest  step 
hitherto  made  was  independently  taken  a  few  years  ago  by  Dr.  Werner 
Siemens  and  Sir  Charles  Wheatstone.  Through  i£e  application  of 
their  discovery  a  machine  endowed  with  an  infinitesimal  charge  of 
magnetism  may,  by  a  process  of  accumulation  at  compound  interest, 
be  caused  so  to  enrich  itself  magnetically  as  to  cast  by  its  performance 
all  the  older  machines  into  the  shade.  The  light  now  before  you  is 
that  of  a  small  machine  placed  downstairs,  and  worked  there  by  a 
minute  steam-engine.  It  is  a  light  of  about  1000  candles ;  and  for 
it,  and  for  the  steam-engine  that  works  it,  our  members  are  indebted 
to  the  liberality  of  Dr.  William  Siemens,  who  in  the  most  generous 
manner  has  presented  the  machine  to  this  Institution.  After  an 
exhaustive  trial  at  the  South  Foreland,  machines  on  the  principle  of 
Siemens,  but  of  far  greater  power  than  this  one,  have  been  recently 
chosen  by  the  Elder  Brethren  of  the  Trinity  House  for  the  two  light- 
houses at  the  Lizard  Point. 

Our  most  intense  lights,  including  the  six-wick  lamp,  the  Wigham 
gas-light,  and  the  electric  light,  being  intended  to  aid  tiie  mariner  in 
heavy  weather,  may  be  regarded,  in  a  certain  sense,  as  fog-«ignals.  But 
fog,  when  thick,  is  intractable  to  light.  The  sun  cannot  penetrate  it, 
much  less  any  terrestrial  source  of  illumination.  Hence  the  necessity 
of  employing  sound-signals  in  dense  fogs.  Bells,  gongs,  horns,  whistles, 
guns,  and  syrens  have  been  used  for  this  purpose ;  but  it  is  mainly,  if 
not  wholly,  with  explosive  signals  that  we  have  now  to  deaL  The  gun 
has  been  employed  with  useful  effect  at  the  North  Stack,  near  Holy- 
head, on  the  Rish  Bank  near  Dublin,  at  Lundy  Island,  and  at  other 
points  on  our  coasts.  During  the  long,  laborious,  and  I  venture  to 
think  memorable  series  of  obmrvations  conducted  under  the  auspices 
of  the  Elder  Brethren  of  the  Trinity  House  at  the  South  Foreland  in 
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1872  and  1878,  it  was  proved  that  a  short  5^inoh  howitzer,  firing  8  Ibe. 
of  powder,  yielded  a  loader  report  than  a  long  18-poander  firing 
the  same  charge.  Here  was  a  hint  to  be  acted  on  by  the  Elder 
Brethren.  The  effsctiyeness  of  the  sound  depended  on  the  shape  of 
the  gun,  and  as  it  could  not  be  assumed  that  in  the  howitzer  we  had 
hit  accidentally  upon  the  best  possible  shape,  arrangements  were 
made  with  the  War  Office  for  ^e  construction  of  a  gun  specially 
calculated  to  produce  the  loudest  sound  attainable  from  the  combus- 
tion of  8  lbs.  of  powder.  To  prevent  the  unnecessary  landward  waste 
of  the  sound,  the  gun  was  furmshed  with  a  parabolic  muzzle,  intended 
to  project  the  sound  over  the  sea,  where  it  was  most  needed.  The 
construction  of  this  gun  was  based  on  a  searching  series  of  experi- 
ments executed  at  Woolwich  with  small  models,  provided  with 
muzzles  of  various  kinds.  A  drawing  of  the  gun  is  before  you.  It 
was  constructed  on  the  principle  of  the  revolver,  its  various  (Cambers 
being  loaded  and  brought  in  rapid  succession  into  the  firing  position. 
The  performance  of  the  gun  proved  the  correctness  of  the  principles 
on  which  its  construction  was  based* 


Breech-loading  Fog-rignal  Gun,  with  Bell  Mouth,*  propoeed  by  Major  Maitland, 
EJl,  AasiBtant  Superintend^t. 

"  The  oaniac«  of  Uiii  gim  has  been  modified  in  ooDstniclkm  d^ 

An  incidental  point  of  some  interest  was  decided  by  the  earliest 
Woolwich  experiments.  It  had  been  a  widely  spread  opinion  among 
artillerists,  that  a  bronze  gun  produces  a  specdally  loud  report.  I 
doubted  from  the  outset  whether  this  would  help  us;  and  in  a  letter 
dated  22nd  April,  1874, 1  ventured  to  express  myself  thus :— "  The 
report  of  a  gun,  as  aflfecting  an  observer  close  at  hand,  is  made  up  of 
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two  feustors — ^the  sound  due  to  the  shock  of  the  air  by  the  yiolently 
expanding  gas,  and  the  sonnd  deriyed  from  the  vibrations  of  the  gtm, 
which,  to  some  extent,  rings  like  a  bell.  This  latter,  I  apprehend, 
will  disappear  at  considerable  distances."  The  result  of  subeeqaent 
trial,  as  reported  by  General  Campbell,  is,  *'  that  the  sonorous  quali- 
ties of  bronze  are  greatly  superior  to  those  of  cast  iron  at  short 
distances,  but  that  fiie  advantage  lies  with  the  baser  metal  at  long 
ranges."  • 

Coincident  with  these  trials  of  guns  at  Woolwich,  gnn-cotton  was 
thought  of  as  a  probably  effective  sound-producer.  From  the  firsts 
indeed,  theoretic  considerations  caused  me  to  fix  my  attention  per- 
sistently on  this  substance ;  for  the  remarkable  experiments  of  Mr. 
Abel,  whereby  its  rapidity  of  combustion  and  violently  explosive 
energy  are  demonstrated,  seemed  to  single  it  out  as  a  substance 
eminently  calculated  to  fulfil  the  conditions  necessary  to  the  produc- 
tion of  an  intense  wave  of  sound.  What  those  conditions  are  we  shall 
now  more  particularly  inquire,  calling  to  our  aid  a  brief  but  very 
remarkable  paper,  published  by  Professor  Stokes  in  the '  Philosophical 
Magazine '  for  1868. 

The  explosive  force  of  gunpowder  is  known  to  depend  on  the 
sudden  conversion  of  a  solid  body  into  an  intensely  heated  gas.  Now 
the  work  which  the  artillerist  requires  the  expanding  gas  to  peiform 
is  the  displacement  of  the  projectile,  besides  which  it  has  to  displace 
the  air  in  front  of  the  projectile,  which  is  backed  by  the  whole 
pressure  of  the  atmosphere.  Such,  however,  is  not  the  work  that  we 
want  our  gunpowder  to  perform.  We  wish  to  transmute  its  energy 
not  into  the  mere  mechanical  translation  of  either  shot  or  air,  but  into 
vibratory  motion.  We  want  pulses  to  be  formed  which  shall  propa- 
gate themselves  to  vast  distances  through  the  atmosphere,  and  this 
requires  a  certain  choice  and  management  of  the  explosive  material. 

A  sound-wave  consists  essentially  of  two  parts — a  condensation 
and  a  rarefaction.  Now  air  is  a  very  mobile  fluid,  and  if  the  shock 
imparted  to  it  lack  due  promptness,  the  wave  is  not  produced.  Con- 
sider the  case  of  a  common  dock  pendulum,  which  oscillates  to  and 
fro,  and  which  might  be  expected  to  generate  corresponding  pulses 
in  the  air.  When,  for  example,  the  bob  moves  to  the  right,  the  air 
to  the  right  of  it  might  be  supposed  to  be  condensed,  while  a  partial 
vacuum  might  be  supposed  to  follow  the  bob.  As  a  matter  of 
fact,  we  have  nothing  of  this  kind.  The  air  particles  in  front  of 
the  bob  retreat  so  rapidly,  and  those  behind  it  close  so  rapidly  in, 
that  no  sound-pulse  is  formed.  The  mobility  of  hydrogen,  more- 
over, being  far  greater  than  that  of  air,  a  prompter  action  is  essential 
to  the  formation  of  sonorous  waves  in  hydrogen  than  in  air.    It  is  to 

*  General  Campbell  assigns  a  true  canae  for  this  difference.  The  ring  of  the 
bronze  gun  represents  so  much  energy  withdrawn  from  the  ezplosiye  force  of 
the  gunpowder.  Further  experiments  would,  however,  be  needed  to  place  the 
superiority  of  the  cast-iron  gun  at  a  distance  beyond  question. 
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this  rapid  power  of  readjastmeni,  this  refusal,  so  to  speak,  to  allow 
its  atoms  to  be  crowded  together  or  to  be  drawn  apart,  tliat  Professor 
Stokes,  with  admirable  penetration,  refers  the  damping  power,  first 
described  by  Sir  John  Leslie,  of  hydrogen  upon  sound. 

A  tuning-fork  which  executes  266  complete  vibrations  in  a  second, 
if  struck  gently  on  a  pad  and  held  in  free  air,  emits  a  scarcely 
audible  note.  It  behaves  to  some  extent  like  the  pendulum  bob 
just  referred  to.  This  feebleness  is  due  to  the  prompt  *' recipro- 
cating flow"  of  the  air  between  the  incipient  condensations  and 
rarefactions,  whereby  the  formation  of  sound-pulses  is  forestalled. 
Stokes,  however,  has  taught  us  that  this  flow  may  be  intercepted  by 
placing  the  edge  of  a  card  in  close  proximity  to  one  of  the  comers  of 
the  fork.  An  immediate  augmentation  of  the  sound  of  the  fork  is  the 
consequence. 

The  more  rapid  the  shock  imparted  to  the  air,  the  greater  is  the 
fractional  part  of  the  energy  of  the  shock  converted  into  wave  motion. 
And  as  different  kinds  of  gunpowder  vary  considerably  in  their 
rapidity  of  combustion,  it  may  be  expected  that  they  will  also  vary  as 
producers  of  sound.  This  theoretic  inference  is  completely  verified 
by  experiment.  In  a  series  of  preliminary  trials  conducted  at  Wool- 
wich on  the  4th  of  June,  1876,  the  sound-producing  powers  of  four 
different  kinds  of  powder  were  determined.  In  the  oi^er  of  the  size 
of  their  grains  they  bear  the  names  respectively  of  Fine-grain  (F.  G.), 
Large-grain  (L.  G.),  Bifle  Large-grain  (B.  L.  G.),  and  Pebble-powder 
(P.).    (See  annexed  figures.)    The  charge  in  each  case  amounted  to 


m 
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4^  lbs. ;  four  24-lb.  howitzers  being  employed  to  fiire  the  respective 
charges.  There  were  eleven  observers,  all  of  whom,  without  a  single 
dissentient,  pronounced  the  sound  of  the  fine-grain  powder  loudest  of 
alL  In  the  opinion  of  seven  of  the  eleven  the  large-grain  powder  came 
next ;  seven  also  of  the  eleven  placed  the  rifle  large-grain  third  on 
the  list ;  while  they  were  again  unanimous  in  pronouncing  the  pebble- 
powder  the  worst  sound-producer.  These  differences  are  entirely  due 
to  differences  in  the  rapidity  of  combustion.  All  who  have  witnessed 
the  performance  of  the  80-ton  gun  must  have  been  surprised  at  the 
mildness  of  its  thunder.  To  avoid  the  strain  resulting  from  quick 
combustion,  the  powder  employed  is  composed  of  lumps  far  larger 
than  those  of  the  pebble-powder  above  referred  to.  In  the  long  tube 
of  the  gun  these  lumps  of  solid  matter  gradually  resolve  themselves 
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into  gas,  which  on  iBsning  from  the  mozzle  imparts  a  kind  of  push  to 
the  air,  instead  of  the  sharp  shock  necessary  to  form  the  condensation 
of  an  intensely  sonorous  waye. 

These  are  some  of  the  physical  reasons  why  gon-ootton  might  he 
regarded  as  a  promising  fognsignal.  Firing  it  as  we  have  been 
taught  to  do  by  Mr.  Abel,  its  explosion  is  more  rapid  than  that  of 
gunpowder.  In  its  case  the  air  particles,  alert  as  they  aie,  will  not, 
it  might  be  presumed,  be  able  to  slip  from  condensation  to  rarefftction 
with  a  rapidity  sufficient  to  forestall  the  formation  of  the  waye.  On 
h  priori  grounds  then,  we  are  entitled  to  infer  the  effectiveness  of  gun* 
cotton,  while  in  a  great  number  of  comparatiye  experiments,  stretch- 
ing from  1874  to  the  present  time,  this  inforenoe  has  been  yerified  in 
the  most  condusiye  manner. 

As  regards  explosive  material,  and  zealous  and  accomplished  help 
in  the  use  of  it,  Ihe  resources  of  Woolwich  Arsenal  have  been  freely 
placed  at  the  disposal  of  the  Elder  Brethren.  General  Campbell, 
General  Tounghusband,  Colonel  Eraser,  Colonel  Maitland,  and  other 
officers,  have  tdcen  an  active  personal  part  in  the  investigation,  and  in 
most  cases  have  incurred  the  labour  of  reducing  and  reporting  on 
the  observations.  Guns  of  various  forms  and  sizes  have  been  invoked 
for  gunpowder,  while  gun-cotton  has  been  fired  in  free  air  and  in 
the  foci  of  parabolic  reflectors. 

On  the  22nd  of  February,  1875,  a  number  of  small  guns,  cast 
specially  for  the  purpose — some  with  plain,  some  with  conical,  and 
some  with  parabolic  muzzles — ^firing  4  oz.  of  fine-grain  powder,  were 
pitted  against  4  oz.  of  gun-cotton  detonated  both  in  the  open,  and  in 
the  focus  of  a  parabolic  reflector.*  The  sound  produced  by  the  gun- 
cotton,  reinforced  by  the  reflector,  was  unanimously  pronounced 
loudest  of  alL  With  equal  unanimity,  the  gun-cotton  detonated  in 
free  air  was  placed  second  in  intensity.  Though  the  same  charge  was 
used  throughout,  the  guns  differed  notably  among  themselves,  but 
none  of  them  came  up  to  the  gun-cotton,  either  with  or  without  the 
reflector.  A  second  series,  observed  from  a  different  distance  on  the 
same  day,  confirmed  to  the  letter  the  foregoing  result. 

As  a  practical  point,  however,  the  comparative  cost  of  gun-cotton 
and  gunpowder  has  to  be  taken  into  account,  though  considerations 
of  cost  ought  not  to  be  stretched  too  far  in  cases  involving  the 
safety  of  human  life.  In  the  earlier  experiments,  where  quantities 
of  equal  price  were  pitted  against  each  other,  the  results  were 
somewhat  fluctuating.  Indeed,  the  perfect  manipulation  of  the  gun- 
cotton  required  some  preliminary  discipline — ^promptness,  certainty, 
and  effectiveness  of  firing,  augmenting  as  experience  increased. 
As  1  lb.  of  gun-cotton  costs  as  much  as  8  lbs.  of  gunpowder,  these 
quantities  were  compared  together  on  the  22nd  of  February.  The 
guns  employed  to  discharge  the  gunpowder  were  a   12-lb.  brass 

*  For  charges  of  this  weight  the  lefleotor  is  of  moderate  size,  and  may  be 
employed  without  fear  of  finaoture. 
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howitzer,  a  24-lb.  cast-iron  howitzer,  and  the  long  18-poander 
employed  at  the  Sonth  Foreland.  The  resolt  was,  that  the  24-lb. 
howitzer,  firing  3  lbs.  of  gunpowder,  had  a  slight  advantage  over 
1  lb.  of  gun-cotton  detonated  in  the  open ;  while  the  12-lb.  howitzer 
and  the  18-pounder  were  both  beaten  by  the  gun-cotton.  On  the 
2nd  of  May,  on  the  other  hand,  the  gun-cotton  is  reported  as  having 
been  beaten  by  all  the  guns. 

Meanwhile,  the  parabolic-muzzle  gun,  expressly  intended  for  fog- 
signalling,  was  pushed  rapidly  forward,  and  on  the  22nd  and  28rd  of 
March,  1876,  its  power  was  tested  at  Shoeburyness.  Pitted  against 
it  were  a  16-pounder,  a  6j^inch  howitzer,  1^  lb.  of  gun-cotton  deto- 
nated in  the  focus  of  a  reflector  (see  annexed  figure),  and  1^  lb.  of 


Gun-cotton  Slab  (1)  lb.)  Detonated  in  the  Focos  of  a  Cast-iron  Boflector. 

gun-cotton  detonated  in  free  air.  On  this  occasion  nineteen  different 
series  of  experiments  were  made,  when  the  new  experimental  gun, 
firing  a  8-lb.  charge,  demonstrated  its  superiority  over  all  guns 
previously  employed  to  fire  the  same  charge.  As  regards  the  cpm- 
parative  merits  of  the  gun-cotton  fired  in  the  open,  and  the  gun- 
powder fired,  from  the  new  gun,  the  mean  values  of  their  sounds  were 
the  same.  Fired  in  the  focus  of  the  reflector,  the  gun-cotton  clearly 
dominated  over  all  the  other  sound-producers.* 

*  The  reflector  was  fractured  by  the  explosion,  but  it  did  good  senrice  afterwards. 
Vol.  VIII.     (No.  68.)  2  q 
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The  whole  of  the  observations  here  referred  to  were  embraoed  by 
an  angle  of  about  70°,  of  which  60°  lay  on  the  one  side  and  20°  on  the 
other  side  of  the  line  of  fire.  The  shots  were  heard  by  eleven  observers 
on  board  the  *  Gralatea,'  which  took  up  positions  var3ring  from  2  miles  to 
18]^  miles  from  the  firing-point.  In  all  these  observations,  the  rein- 
forcing action  of  the  reflector,  and  of  the  parabolic  muzzle  of  the  gnn, 
came  into  play.  But  the  reinforcement  of  the  sound  in  one  direction 
implies  its  withdrawal  from  some  other  direction,  and  accordingly  it 
was  found  that  at  a  distance  of  6^  miles  from  the  firing-point,  and  on  a 
line,  including  nearly  an  angle  of  90°,  with  the  line  of  fire,  the  gun- 
cotton  in  the  open  beat  the  new  gun ;  while  behind  the  station,  at 
distances  of  8j^  miles  and  13^  miles  respectively,  the  gun-cotton  in  the 
open  beat  both  the  gun  and  the  gun-cotton  in  the  reflector.  This  result 
is  rendered  more  important  by  the  fact  that  the  sound  reached  the 
Mucking  Light,  a  distance  of  18j^  miles,  against  a  light  wind  which 
was  blowing  at  the  time. 

Most,  if  not  all,  of  our  ordinary  sound-producers  send  forth  waves 
which  are  not  of  uniform  intensity  throughout.  A  trumpet  is  loudest 
in  the  direction  of  its  axis.  The  same  is  true  of  a  gun.  A  bell,  with 
its  mouth  pointed  upwards  or  downwards,  sends  forth  wayee  &r  denser 
in  the  horizontal  plane  passing  through  the  bell  than  at  an  angular 
distance  of  90°  from  that  plane.  The  oldest  bellhangers  must  have 
been  aware  of  the  fact  that  the  sides  of  the  bell,  and  not  its  mouth, 
omitted  the  strongest  sound,  their  practice  being  probably  deter- 
mined by  this  knowledge.  Our  slabs  of  gun-cotton  also  emit  waves 
of  difierent  densities  in  different  parts.  It  has  occurred  in  the  experi- 
ments at  Shoeburyness  that  when  the  broad  side  of  a  slab  was  turned 
towards  the  suspending  wire  of  a  second  slab  six  feet  distant^  the  wire 
was  out  by  the  explosion,  while  when  the  edge  of  the  slab  was  turned 
to  the  wire  this  never  occurred.  To  the  circumstance  that  the 
broadsides  of  the  slabs  faced  the  sea  is  probably  to  be  ascribed  the 
remarkable  fact  observed  on  the  23rd  of  March^  that  in  two  direc- 
tions, not  far  removed  from  the  line  of  fire,  the  gun-cotton  detonated 
in  the  open  had  a  slight  advantage  over  the  new  gun. 

Theoretic  considerations  rendered  it  probable  that  the  shape  and 
size  of  the  exploding  mass  would  affect  the  constitution  of  the  wave  of 
sound.  I  did  not  think  large  rectangular  slabs  the  most  fiayourable 
shape,  and  accordingly  proposed  cutting  a  large  slab  into  fragments  of 
different  sizes,  and  pitting  them  against  each  other.  The  differences 
between  the  sounds  were  by  no  means  so  great  as  the  differences  in 
the  quantities  of  explosiye  material  might  lead  one  to  expect.  The 
mean  values  of  eighteen  series  of  observations  made  on  board  the 
'Galatea^'  at  distances  varying  from  If  mile  to  4*8  milee,  were  as 
follows: — 

Weights       4^z.        6-oz.        9-oss.        12-oz« 

Value  of  aoand   ..      ..     8*12        8-84        4*0         4*03 

These  charges  were  cut  from  a  slab  of  dry  gun-cotton  about 
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If  inch  tbick:  they  were  squares  and  rectangles  of  the  following 
dimensions : — 4  oz.,  2  inches  by  2  inches ;  6  oz.,  2  inches  by  8  inches ; 
9  oz.,  8  inches  by  8  inches ;  12  oz.,  2  inches  by  6  inches. 

The  numbers  under  the  respeotiye  weights  express  the  recorded 
▼alue  of  the  sounds.  They  must  be  simply  taken  as  a  ready  means  of 
expressing  the  approximate  relative  intensity  of  the  sounds  as 
estimated  by  the  ear.  When  we  find  a  9-oz.  ohiftrge  marked  4,  and  a 
12-oz.  charge  marked  4*08,  the  two  sounds  may  be  regarded  as 
practically  equal  in  intensity,  thus  proving  that  an  addition  of  30  per 
cent,  in  the  larger  charges  produces  no  sensible  diffdrepoe  in  the 
sound.  Were  the  sounds  estimated  by  some  physical  means,  instead 
of  by  the  ear,  the  values  of  the  souDds  would  not,  in  my  opinion,  show 
a  greater  advance  with  the  increase  of  material  than  that  indicated 
by  the  foregoing  numbers.  Subsequent  experiments  rendered  still 
more  certain  the  effectiveness,  as  well  as  the  economy,  of  the  smaller 
charges  of  gun-cotton. 

It  is  an  obvious  corollary  from  the  foregoing  experiments  that  on 
our  ''nesses"  and  promontories,  where  the  land  is  clasped  on  both 
sides  for  a  considerable  distance  by  the  sea— where,  therefore,  the 
sound  has  to  propagate  itself  rearward  as  well  as  forward — ^the 
use  of  the  paraboUc  gun,  or  of  the  parabolic  reflector  might  be  a 
disadvantage  rather  than  an  advantage.  Here  gun-cotton,  exploded 
in  the  open,  forms  the  most  appropriate  source  of  sound.  This 
remark  is  especially  applicable  to  such  lightships  as  aro  intended 
to  spread  the  sound  all  round  them  as  from  central  foci.  As  a  signal 
in  rock  lighthouses,  where  neither  syren,  steam-whistle,  nor  gun 
could  be  mounted ;  and  as  a  handy  fleetHEiignal,  dispensing  with 
the  lumber  of  special  signal-guns,  the  gun-cotton  will  prove  invalu- 
able. But  in  most  of  &ese  cases  we  have  the  drawback  that  local 
damage  may  be  done  by  the  explosion.  The  lantern  of  the  rock 
lighUiouse  might  suffdr  from  concussion  near  at  hand,  and  tiiough 
mechanical  arrangements  might  be  devised,  both  in  the  case  of  the 
lighthouse  and  of  the  ship's  deck,  to  place  the  firing-point  of  the 
gun-cotton  at  a  safe  distance,  no  such  arrangement  could  compete,  as 
regards  simplicity  and  effectiveness,  with  the  expedient  of  a  gun* 
eoHan  rocket.  Had  such  a  means  of  signalling  existed  at  the  Bishop's 
Bock  lighthouse,  the  ill-fated  *  Schiller'  might  have  been  warned  of  her 
approach  to  danger  ten,  or  it  may  be  twenty,  miles  before  she  reached 
the  rock  which  wrecked  her.  Had  the  fleet  possessed  such  a  signal, 
instead  of  the  ubiquitous  but  ineffectual  whisUe,  the  '  Iron  Dake '  and 
*  Vanguard '  need  never  have  come  into  collision* 

It  was  the  necessity  of  providing  a  suitable  signal  for  rock  light- 
houses, and  of  clearing  obstacles  which  cast  an  acoustic  shadow, 
that  suggested  the  idea  of  the  gun-cotton  rocket  to  Sir  Bichaid 
GoUinson,  Deputy  Master  of  the  Trinity  House.  His  idea  was  to 
place  a  disk  or  short  cylinder  of  gun-cotton  in  the  head  of  a  rocket, 
the  ascensional  force  of  which  should  be  employed  to  carry  the  disk 
to  an  elevation  of  1000  feet  or  thereabouts,  where  by  the  ignition  of  a 
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fuse  associated  with  a  detonator,  the  gun-cotton  shonld  be  fired,  send- 
ing its  sonnd  in  all  directions  vertically  and  obliqoely  down  upon 
earth  and  sea.  The  first  attempt  to  realize  this  idea  was  made  on  the 
18th  of  July,  1876,  at  the  firework  manufactory  of  the  Messrs.  Brock, 
at  Nunhead.  Eight  rockets  were  then  fired,  four  being  charged  with 
6  oz.  and  four  with  7^  oz.  of  gun-cotton.  They  ascended  to  a  great 
height,  and  exploded  with  a  very  loud  report  in  the  air.  On  the  27th 
of  July,  the  rockets  were  tried  at  Shoeburyness.  The  most  noteworthy 
result  on  this  occasion  was  the  hearing  of  the  sounds  at  the  Mouse 
Lighthouse,  8^  miles  E.  by  S.,  and  at  the  Chapman  Lighthouse,  8j^ 
miles  W.  by  N. ;  that  is  to  say,  at  opposite  sides  of  the  firing-point. 
It  is  worthy  of  remark  that,  in  the  case  of  the  Chapman  Lighthouse, 
land  and  trees  intervened  between  the  firing-point  and  the  place  of 
observation.  "  This,"  as  General  Younghusband  justly  remarked  at 
the  time,  "  may  prove  to  be  a  valuable  consideration  if  it  shonld 
be  found  necessary  to  place  a  signal  station  in  a  position  whence 
the  sea  could  not  be  freely  observed."  Lideed,  the  clearing  of  such 
obstacles  was  one  of  the  objects  which  the  inventor  of  the  rocket  had 
in  view. 

With  reference  to  the  action  of  the  wind,  it  was  thought  desirable 
to  compare  the  range  of  explosions  produced  near  the  surface  of  the 
earth  with  others  produced  at  the  elevation  attainable  by  the  gun- 
cotton  rockets.  Wind  and  weather,  however,  are  not  at  our  command ; 
and  hence  one  of  the  objects  of  a  series  of  experiments  conducted 
on  the  18th  of  December,  1876,  was  not  fulfilled.  It  is  worthy,  how- 
ever, of  note  that  on  this  day,  with  smooth  water  and  a  calm  atmosphere, 
the  rockets  were  distinctly  heard  at  a  distance  of  11  *  2  miles  from  the 
firing-point.  The  quantity  of  gun-cotton  employed  was  7^  oz.  On 
Thursday  the  8th  of  March,  1877,  these  comparative  experiments  of 
firing  at  high  and  low  elevations  were  pushed  still  further.  The  gun- 
cotton  near  the  ground  consisted  of  |-lb.  disks,  suspended  from  a 
horizontal  iron  bar  about  4^  feet  above  the  ground.  The  rockets 
carried  the  same  quantity  of  gun-cotton  in  their  heads,  and  the  height 
to  which  they  attained,  as  determined  by  a  theodolite,  was  from  800 
to  900  feet.  The  day  was  cold,  with  occasional  squalls  of  snow  and 
hail,  the  direction  of  the  sound  being  at  right  angles  to  that  of  the 
wind.  Five  series  of  observations  were  made  on  board  the  '  Vestal,* 
at  distances  varying  from  3  to  6  miles.  The  mean  value  of  the 
explosions  in  the  air  exceeded  that  of  the  explosions  near  the  ground 
by  a  small  but  sensible  quantity.  At  Windmill  Hill,  Gravesend, 
however,  which  was  nearly  to  leeward,  and  5 J  miles  from  the  firing- 
point,  in  nineteen  cases  out  of  twenty-four  the  disk  fired  near  the 
ground  was  loudest ;  while  in  the  remaining  five  the  rocket  had  the 
^vantage. 

Towards  the  close  of  the  day  the  atmosphere  became  very  serene. 
A  few  distant  cumuli  sailed  near  the  horizon,  but  the  zenith  and  a 
vast  angular  space  all  round  it  were  absolutely  free  from  cloud.  From 
the  deck  of  the  <  Ghilatea'  a  rocket  was  discharged,  which  reached  a 
great  elevation,  and  exploded  with  a  loud  report.   Following  this  solid 
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nucleus  of  sound  was  a  continuous  train  of  echoes,  which  retreated  to 
a  continually  greater  distance,  dying  gradually  off  into  silence  after 
seven  seconds'  duration.  These  echoes  were  of  the  same  character  as 
those  so  frequently  noticed  at  the  South  Foreland  in  1872-73,  and 
called  by  me  "  aerial  echoes." 

On  the  23rd  of  March  the  experiments  were  resumed,  the  most 
noteworthy  results  of  that  day's  observations  being  that  the  sounds 
were  heard  at  Tillingham,  10  miles  to  the  N.E. ;  at  West  Mersea, 
15f  miles  to  the  N.E.  by  E. ;  at  Brightlingsea,  17^  miles  to  the 
N.B.;  and  at  Clacton  Wash,  20 J  miles  to  the  N.E.  by  ^  E.  The 
wind  was  blowing  at  the  time  from  the  8.E.  Some  of  these  sounds 
were  produced  by  rockets,  some  by  a  24-lb.  howitzer,  and  some  by  an 
8-inch  Maroon. 

In  December,  1876,  Mr.  Gardiner,  the  managing  director  of  the 
Cotton-powder  Company,  had  proposed  a  trial  of  this  material  against 
the  gun-cotton.  The  density  of  the  cotton  he  urged  was  only  1  •  03, 
while  that  of  the  powder  was  1  •  70.  A  greater  quantity  of  explosive 
material  being  thus  compressed  into  the  same  volume,  Mr.  Gardiner 
thought  that  a  greater  sonorous  effect  must  be  produced  by  the 
powder.  At  the  instance  of  Mr.  Mackie,  who  had  previously  gone 
very  thoroughly  into  the  subject,  a  Conmiittee  of  the  Elder  Brethren 
visited  the  cotton-powder  manufactory,  on  the  banks  of  the  Swale, 
near  Faversham,  on  the  16th  of  June,  1877.  The  weights  of  cotton- 
powder  employed  were  2  oz.,  8  oz.,  1  lb.,  and  2  lbs.,  in  the  form  of 
rockets  and  of  signals  fired  a  few  feet  above  the  ground.  The  experi- 
ments throughout  were  arranged  and  conducted  by  Mr.  Mackie.  Our 
desire  on  this  occasion  was  to  get  as  near  to  windward  as  possible, 
but  the  Swale  and  other  obstacles  limited  our  distance  to  1^  mile. 
We  stood  here  E.S.E.  from  the  firing-point  while  the  wind  blew  fresh 
from  the  N.E. 

The  cotton-powder  yielded  a  very  effective  report.  The  rockets 
in  general  had  a  slight  advantage  over  the  same  quantities  of  material 
fired  near  the  ground.  The  loudness  of  the  sound  was  by  no  means 
proportional  to  the  quantity  of  the  material  exploded,  8  oz.  yielding 
very  nearly  as  loud  a  report  as  1  lb.  The  "  aerial  echoes,"  which 
invariably  followed  the  explosion  of  the  rockets,  were  loud  and  long- 
continued. 

On  the  17th  of  October,  1877,  another  series  of  experiments  with 
howitzers  and  rockets  was  carried  out  at  Shoeburyness.  The  charge 
of  the  howitzer  was  3  lbs.  of  L.  G.  powder.  The  charges  of  the 
rockets  were  12  oz.,  8  oz.,  4  oz.,  and  2  oz.  of  gun-cotton  respectively. 
The  gun  and  the  four  rockets  constituted  a  series,  and  eight  series 
were  fired  during  the  afternoon  of  the  17th.  The  observations  were 
made  from  the  *  Vestal '  and  the  *  Galatea,'  positions  being  successively 
assumed  which  permitted  the  sound  to  reach  the  observers  with  the 
wind,  against  the  wind,  and  across  the  wind.  The  distance  of  the 
'Galatea'  varied  from  3  to  7  miles,  that  of  the  'Vestal,'  which  was 
more  restricted  in  her  movements,  being  2  to  8  miles.  Briefly 
summed  up,  the  result  is  that  the  howitzer,  firing  a  3-lb.  charge. 
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which  it  will  be  lemraibered  was  our  best  gan  at  the  South  Foreland, 
was  beaten  by  the  12*oz.  rocket,  by  the  8-oz.  rocket,  and  by  the  4-oz. 
rocket.    The  2-oz.  rocket  alone  fell  behind  the  howitzer. 

It  is  worth  while  recording  the  distances  to  which  some  of  the 
sounds  were  heard  on  the  day  now  referred  to : — 

1.  Leigh     

2.  Giidler  Light-vessel 

3.  Beculvere 

4.  St.  Nicholas 
6.  Epple  Bay 
6.  Westgate.. 
T.-Klngsgate 

The  day  was  cloudy,  with  occasional  showers  of  drizzling  rain ; 
the  wind  about  N.W.  by  N.  all  day ;  at  times  squally,  rising  to  a 
force  of  6  or  7  and  sometimes  dropping  to  a  force  of  2  or  8.  The 
station  at  Leigh  excepted,  all  Uiese  places  were  to  leeward  of 
Shoeburynees.  At  four  other  stations  to  leeward,  varying  in  distance 
from  16^  to  24j^  ndlee,  nothing  was  heard,  while  at  eleyen  stations  to 
windward,  varying  from  8  to  26  miles,  the  sounds  were  also  inaudible. 
It  was  found,  indeed,  that  the  sounds  proceeding  directly  against  the 
wind  did  not  penetrate  much  beyond  8  miles. 

On  the  following  day,  viz.  the  18th  October,  we  proceeded  to 
Dungeness  with  the  view  of  making  a  series  of  strict  comparative 
experiments  with  gun-cotton  and  cotton-powder.  Bockets  containing 
8  oz.,  4  oz.,  and  2  oz.  of  gun-cotton  had  been  prepared  at  the  Boyal 
Arsenal ;  while  others,  containing  similar  quantities  of  cotton-powder, 
had  been  supplied  by  the  cotton-powder  company  at  Faversham. 
With  these  were  compared  the  ordinary  18-pounder  gun,  which 
happened  to  be  mounted  at  Dungeness,  firing  the  usual  charge  of 
8  lbs.  of  powder,  and  a  syren. 

From  these  experiments  it  appeared  that  the  gun-cotton  and 
cotton-powder  were  practically  equid  as  producers  of  sound. 

The  effectiveness  of  smaJl  charges  was  illustrated  in  a  very 
striking  manner,  only  a  single  unit  separating  the  numerical  value 
of  the  8-oz.  rocket  from  that  of  the  2-oz.  rocket.  The  former  was 
recorded  as  6  *  9  and  the  latter  as  5  *  9,  the  value  of  the  4-oz.  rocket 
being  intermediate  between  them.  These  results  were  recorded  by  a 
number  of  very  practised  observers  on  board  the  *  Galatea.'  They 
were  completely  borne  out  by  the  observations  of  the  Coastguard, 
who  marked  the  value  of  the  8-oz.  rocket  6*1,  and  that  of  the  2-oz. 
rocket  6*2.  The  18-pounder  gun  fell  far  behind  all  the  rockets,  a 
result,  probably,  to  be  in  part  ascribed  to  the  imperfection  of  the  powder. 
The  performance  of  the  eyren  was,  on  the  whole,  less  satisfactory 
than  that  of  tbe  rocket.  The  instrument  was  worked,  not  by  steam 
of  7  0  lbs.  pressure,  as  at  the  South  Foreland,  but  by  compressed  air, 
beginning  with  40  lbs.  and  ending  with  80  lbs.  pressure.  The 
trumpet  was  pointed  to  windward,  and  in  the  axis  of  the  instrument 
the  sound  was  about  as  effective  as  that  of  the  8-oz.  rocket.    But  in  a 
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direction  at  right  angles  to  the  axis,  and  still  more  in  the  rear  of  this 
direction,  the  syren  f^ll  very  sensibly  behind  eyen  the  2-oz.  rocket. 

These  are  the  principal  comparative  trials  made  between  the  gun- 
cotton  rocket  and  other  fog-signals ;  but  they  are  not  the  only  ones. 
On  the  2nd  of  August,  1877,  for  example,  experiments  were  made  at 
Lundy  Island  with  the  following  results.  At  2  miles  distant  from  the 
firing-point,  with  land  intervening,  the  18-pounder,  firing  a  3-lb.  charge, 
was  quite  unheard.  Both  the  4-oz.  rocket  and  the  8-oz.  rocket,  how- 
ever, reached  an  elevation  which  commanded  the  acoustic  shadow, 
and  yielded  loud  reports.  When  both  were  in  view,  and  heard,  the 
rockets  were  still  superior  to  the  gun.  On  the  6th  of  August,  at 
St.  Ann's,  the  4-oz.  and  8-oz.  rockets  proved  superior  to  the  syren. 
On  the  Shambles  Light-vessel,  when  a  pressure  of  18  lbs.  was  em- 
ployed to  sound  the  syren,  the  rockets  proved  greatly  superior  to  that 
instrument.  Proceeding  along  the  sea  margin  at  Flamboro  Head, 
lir.  Edwards  states  that  at  a  distance  of  1^  mile,  with  the  18-pounder 
previously  used  as  a  fog-signal  hidden  behind  the  cliffs,  its  report  was 
quite  unheard,  while  Sie  4-oz.  rocket,  rising  to  an  elevation  which 
brought  it  clearly  into  view,  yielded  a  powerful  sound  in  the  face  of 
an  opposing  wind. 

On  the  evening  of  February  9th,  1877,  a  remarkable  series  of 
experiments  were  made  by  Mr.  Prentice  at  Stowmarket  with  the  gun- 
cotton  rocket.  From  the  report  with  which  he  has  kindly  furnished 
me  I  extract  the  following  particulars.  The  first  column  in  the 
annexed  statement  contains  the  name  of  the  place  of  observation,  the 
second  its  distance  from  the  firing-point,  and  the  third  the  result 
observed : — 

Stoke  Hill,  Ipswich    . .  10  nulea  BockeU  clearly  aeen  and  sounds  distinctly  heard 

53  seconds  after  the  flash. 
Melton 15    „      Signals  distinctly  heard.    Thought  at  first  that 

sounds  were  reverberated  from  the  sea. 
Framlingham      ..      ..   18    „      Signals  very  distinctly  heard,  both  in  the  open 

air  and  in  a  closed  room.    Wind  in  favour  of 

sound. 
Stratford.    St  Andrews  19    „      Beports  loud ;  startled  pheasants  In  a  cover 

close  by. 
Tuddenham.  St  Martin  10    „      Beports  very  loud ;  rolled  away  like  thunder. 
Ohrist  Church  Park    ..11    „      Beport  arrived  a  little  more  than  a  minute  after 

flash. 
Nettlestead  Hall . .     . .     6    „      Distinct  in  every  part  of  observer's  house.    Very 

loud  in  the  open  air. 

Bildestone 6    „      Explosion  very  loud,  wind  against  sound. 

Naoton H    »      Beports  quite  distinct— mistoken  by  inhabltsnta 

for  claps  of  thunder. 
Aldboro        25    „      Bockets  seen  through  a  very  hazy  atmosphere; 

a  rumbling  detonation  heurd. 
Oapel  Mills 11    „      Beports  heara  within  and  without  the  observer's 

house.    Wind  opposed  to  sound. 
Lawford       15i  „      Beports  distinct :  attributed  to  distant  thunder. 

In  the  great  majority  of  these  cases,  the  direction  of  the  sound 
enclosed  a  large  angle  with  the  direction  of  the  wind.  In  some  cases, 
indeed,  the  two  directions  were  at  right  angles  to  each  other.    It  is 
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needless  to  dwell  for  a  moment  on  the  advantage  of  possessing  a 
signal  commanding  ranges  such  as  these. 

The  explosion  of  substances  in  the  air,  after  having  been  carried 
to  a  considerable  elevation  by  rockets,  is  a  familiar  peif ormance.    In 
1873,  moreover,   the  Board  of  Trade  proposed  a  light-and-sonnd 
rocket  as  a  signal  of  distress,  which  proposal  was  sabseqnently 
realized,  but  in  a  form  too  elaborate  and  expensive  for  practical  use. 
The  idea  of  a  gun-cotton  rocket  fit  for  signalling  in  fogs  is,  I 
believe,  wholly  due  to  the  Deputy  Master  of  the  Trinity  House. 
Thanks  to  the  skiLful  aid  given  by  .the  authorities  of  Woolwich,  by 
Mr.  Prentice,  and  Mr.  Brock,  that  idea  is  now  an  accomplished  fact ; 
a  signal  of  great  power,  handmess,  and  economy,  being  Uius  placed  at 
the  service  of  our  mariners.    Not  only  may  the  rocket  be  applied  in 
association  with  lighthouses  and  lightships,  but  in  the  Navy  also  it 
may  be  turned  to  important  account.     Soon  after  the  loss  of  the 
'Vanguard'  I  ventured  to  urge  upon  an  eminent  naval  officer  the 
desirability  of  having  an  organized  code  of  fog-signals  for  the  fleet. 
He  shook  his  head  doubtingly,  and  referred  to  the  difficulty  of  finding 
room  for  signal  guns.     The  gun-ootton  rocket  completely  surmounts 
this  difficulty.     It  is  manipulated  with  ease  and  rapidity,  while  its 
discharges  may  be  so  grouped  and  combined  as  to  give  a  most  im- 
portant extension  to  the  voice  of  the  admiral  in  command.     It  is 
needless  to  add  that  at  any  point  upon  our  coasts,  or  upon  any  other 
coast,  whore  its  establishment  might  be  desirable,  a  fog-signal  station 
might  be  extemporised  without  difficulty. 

I  have  referred  more  than  once  to  the  train  of  echoes  which 
accompanied  the  explosion  of  gun-cotton  in  free  air,  speaking  of 
them  as  similar  in  all  respects  to  those  which  were  described  for 
the  first  time  in  my  Beport  on  Fog-signals,  addressed  to  the  Corpo- 
ration of  Trinity  House  in  1874.*  To  these  echoes  I  attached  a 
fundamental  si^oificance.  There  was  no  visible  reflecting  surface 
from  which  they  could  come.  On  some  days,  with  hardly  a  cloud 
in  the  air  and  hardly  a  ripple  on  the  sea,  they  reached  a  magical 
intensity.  As  far  as  the  sense  of  hearing  could  judge,  they  came 
from  the  body  of  the  air  in  front  of  the  great  trumpet  which  pro- 
duced them.  The  trumpet  blasts  were  five  seconds  in  duration,  but 
long  before  the  blast  had  ceased  the  echoes  struck  in,  adding  their 
strength  to  the  primitive  note  of  the  trumpet.  After  the  blast  had 
ended  the  echoes  continued,  retreating  further  and  further  from  the 
point  of  observation,  and  finally  dying  away  at  great  distances.  The 
echoes  were  perfectly  continuous  as  long  as  the  sea  was  clear  of 
ships,  "  tapering  *'  by  imperceptible  gradations  into  absolute  silenoe. 
But  when  a  ship  happened  to  throw  itself  athwart  the  course  of  the 
sound,  the  echo  from  the  broadside  of  the  vessel  was  returned  as  a 
shock  which  rudely  interrupted  the  continuity  of  the  dying  atmo- 
spheric music. 

*  See  also  *  Philooopbioal  Transactions  *  for  1874,  p.  183. 
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These  echoes  have  been  ascribed  to  reflection  from  the  crests  of  the 
sea-wayes.  But  this  hypothesis  is  negatived  by  the  fact,  that  the  echoes 
were  produced  in  great  intensity  and  duration  when  no  wayea  existed 
— when  the  sea,  in  fact,  was  of  glassy  smoothness.  It  has  been  also 
shown  that  the  direction  of  the  echoes  depended  not  on  that  of 
wayes,  real  or  assumed,  but  on  the  direction  of  the  axis  of  the  trumpet. 
Causing  that  axis  to  traverse  an  arc  of  210'^,  and  the  trumpet  to  sound 
at  various  points  of  the  arc,  the  echoes  were  always,  at  all  events  in 
calm  weather,  returned  from  that  portion  of  the  atmosphere  towards 
which  the  trumpet  was  directed.  They  could  not,  under  the  cir- 
cumstances, come  from  the  glassy  sea ;  while  both  their  variation  of 
direction  and  their  perfectly  continuous  fall  into  silence,  are  irre- 
concilable with  the  notion  that  they  came  from  fixed  objects  on  the 
land.  They  came  from  that  portion  of  the  atmosphere  into  which 
the  trumpet  poured  its  maximum  sound,  and  fell  in  intensity  as  the 
direct  sound  penetrated  to  greater  atmospheric  distances. 

The  day  on  which  our  latest  observations  were  made  was  particu- 
larly fine.  Before  reaching  Dungeness,  the  smoothness  of  the  sea 
and  the  serenity  of  the  air  caused  me  to  test  the  echoing  power  of  the 
atmosphere.  A  single  ship  lay  about  half  a  mile  distant  between  us 
and  the  land.  The  result  of  the  proposed  experiment  was  clearly 
foreseen.  It  was  this.  The  rocket  being  sent  up,  it  exploded  at  a 
great  height ;  the  echoes  retreated  in  their  usual  fashion,  becoming 
less  and  less  intense  as  the  distance  of  the  surfaces  of  reflection  from 
the  observers  increased.  About  five  seconds  after  the  explosion,  a 
single  loud  shock  was  sent  back  to  us  from  the  side  of  Uie  vessel 
lying  between  us  and  the  land.  Obliterated  for  a  moment  by  this 
more  intense  echo,  the  aerial  reverberation  continued  its  retreat,  dying 
away  into  silence  in  two  or  three  seconds  afterwards. 

I  have  referred  to  the  firing  of  ah  8-oz.  rocket  from  the  deck  of 
the  ' Galatea'  on  the  8th  of  March,  1877,  stating  the  duration  of  its 
echoes  to  be  7  seconds.  Mr.  Prentice,  who  was  present  at  the  time, 
assured  me  that  in  his  experiments  similar  echoes  had  been  frequently 
heard  of  more  than  twice  this  duration.  The  ranges  of  his  sounds 
alone  would  render  this  result  in  the  highest  degree  probable. 

To  attempt  to  interpret  an  experiment  which  I  have  not  had  an 
opportunity  of  repeating,  is  an  operation  of  some  risk ;  and  it  is  not 
without  a  consciousness  of  this  that  I  refer  here  to  a  result  announced 
by  Professor  Joseph  Henry,  which  he  considers  adverse  to  the  notion 
of  aerial  echoes.  He  took  the  trouble  to  point  the  trumpet  of  a 
syren  towards  the  zenith,  and  found  that  when  the  syren  was  sounded 
no  echo  was  returned.  Now  the  reflecting  surfEU^s  which  give  rise 
to  these  echoes  are  for  the  most  part  due  to  differences  of  temperature 
between  sea  and  air.  If,  through  any  cause,  the  air  above  be  chilled, 
we  have  descending  streams — if  the  air  below  be  warmed,  we  have 
ascending  streams  as  the  initial  cause  of  atmospheric  flocculence.  A 
sound  proceeding  vertically  does  not  cross  the  streams,  nor  impingo 
upon  the  reflecting  surfaces,  as  does  a  sound  proceeding  horizontally 
across  them.   Aerial  echoes,  therefore,  will  not  accompany  the  vertictJ 
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Bound  as  they  aooompftny  the  horizontal  one.  The  experiment,  as  I 
interpret  it,  is  not  opposed  to  the  theory  of  these  echoes  which  I 
hare  Tentnred  to  ennnciate.  But,  as  I  have  indicated,  not  only  to 
see  bnt  to  rary  such  an  experiment  is  a  necessary  prelude  to  grasping 
its  full  significance. 

In  a  paper  published  in  the  'Philosophical  Transactions'  for 
1876,  Professor  Osborne  Reynolds  refers  to  these  echoes  in  the 
following  terms : — ^  Without  attempting  to  explain  the  reyerberations 
and  echoes  which  have  been  observed,  I  will  merely  call  attention  to 
the  fact  that  in  no  case  have  I  heard  any  attending  the  reports  of  the 
rockets,*  although  they  seem  to  have  been  invariable  with  the  guns 
and  pistols.  These  &cts  suggest  that  the  echoes  are  in  some  way 
connected  with  the  direction  given  to  the  sound.  They  are  caused  by 
the  voice,  trumpets,  and  the  syren,  all  of  which  give  direction  to  the 
sound ;  but  I  am  not  aware  that  they  have  ever  been  observed  in  the 
case  of  a  sound  which  has  no  direction  of  greatest  intensity."  The 
reference  to  the  voice,  and  other  references,  cause  me  to  think  that  in 
speaking  of  echoes,  I^ofessor  Osborne  Beynolds  and  myself  are  deal- 
ing with  different  phenomena.  Be  that  as  it  may,  the  foregoing 
observations  render  it  perfectly  certain  that  the  condition  as  to  direc- 
tion here  laid  down  is  not  necessary  to  the  production  of  the  echoes. 

There  is  not  a  feature  connected  with  the  aerial  echoes  which 
cannot  be  brought  out  by  experiments  in  the  open  air  of  the 
laboratory.  I  have  reoentiy  made  the  following  experiment: — ^A 
raotengle,  22  inches  by  12,  is  crossed  by  twenty-three  brass  tubes, 
each  lukving  a  slit  along  it  from  which  gas  can  issue.  In  this  way 
twenty-three  low  flat  flames  are  obtained.  A  sounding  reed  fixed  in 
a  short  tube  is  placed  at  one  end  of  the  rectangle,  and  a  **  sensitive 
flame"  at  some  distance  beyond  the  other  end.  When  the  reed  sounds, 
the  flame  in  front  of  it  is  violently  agitated,  and  roars  boisterously. 
Turning  on  the  gas,  and  lighting  it  as  it  issues  &om  the  slits,  the  air 
above  the  flames  becomes  so  heterogeneous  that  the  sensitive  flame  is 
instantly  stilled  by  the  aerial  reflection,  rising  from  a  height  of 
6  inches  to  a  height  of  18  inches.  Here  we  have  the  acoustic  opacity 
of  the  air  in  front  of  the  South  Foreland  strikingly  imitated.  Turning 
off  the  gas,  and  removing  the  sensitive  flame  to  some  distance  behind 
the  reed,  it  bums  there  tranquilly,  though  the  reed  may  be  sounding. 
Again  lighting  the  gas  as  it  issues  from  the  brass  tabes,  the  sound 
reflected  from  the  heterogeneous  air  throws  the  sensitive  flame  into 
violent  agitation.  Here  we  have  imitated  the  aerial  echoes  heard 
when  standing  behind  the  syren-trumpet  at  the  South  Foreland. 
The  experiment  is  extremely  simple,  and  in  the  highest  degree 
impressive. 

[J.T.] 

*  These  carried  12  oz.  of  ganpowder.  whioli  has  been  found  by  Col.  Eraser  to 
require  an  iron  case  to  produce  an  effective  explosion. 
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WEEKLY  EVENING  MEETING, 

Friday,  March  29,  1878. 

Warbbn  Dk  la  Eub,  Esq.  D.C.L.  F.B.S.  Vice-President,  in 
the  Chair. 

Pbotessob  Dbwar,  M.A.  F.R.S.1 

The  Chemical  Actions  of  Light  and  their  Electrical  Belation§. 

[Abstract  deferred.] 


GENEBAL  MONTHLY  MEETING, 
Monday,  April  1, 1878. 

Gbobgb  Busk,  Esq.  F.RS.  Treasurer  and  Vice-President, 
in  the  Chair. 

Francis  Maule  Campbell,  Esq. 
Alfred  Wing  Everest,  Esq. 
Lancelot  Fielding  Everest,  Esq. 
Charles  Cubitt  Gooch,  Esq. 
Charles  Hawksley,  Esq. 
Tom  Simpson  Jay,  Esq. 
Hugh  Pamell,  Esq.  M.A. 
George  W.  Smalley,  Esq. 

were  elected  Members  of  the  Boyal  Institution. 

The  Special  Thanks  of  the  Members  were  given  to  Lobd  Arthur 
BussELL,  M.P.  M.R.L  for  his  present  of  Eighty  Volumes  of  Ersch  and 
Gruber's  "  Encyclopadie  der  Wissensohaften,"  and  to  Dr.  William 
SiBMRNS,  D.C.L.  F.R.S.  M,BJ.  for  his  present  of  a  Dynamo-Magneto- 
Eleotric  Machine,  and  a  small  Steam-engine. 

The  Pbbsrnts  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz. : 

FROM 

American  Academy  of  Arte  and  SeieneeSj  Baflton— Proceedings,  Vol.  XTTT.  Part  1 

8vo.    1877. 
Astronomical  Society,  iloyoZ— Monthly  Notices,  Vol.  XXXVni.  No.  4.     8vo 

1878. 
Baeti  Naiuffanchender  G«««fl«cAa/l— Verhandlungen,  6te  Theil,  3tes  Heft.    8va 

1878. 
British  Arehiteets,  Royal  Inttitute  o/— Sessional  Papers,  1878.    Nos.  8,  9.    4to. 
Chemical  Society — Journal  for  Feb.  and  March,  1878.    8to. 
De  la  Rucy  Warren,  Esq,  D.C.L.  F,RJ3.  Ac.  M.R.L  (the  ^irfW)— Experimental 

Researches  on  the  Electrical  Discharge  with  the  Chloride  of  Silver  Batterv 

Parti.    (Phil.  Trans.  B.S.  Vol  169.)  ^' 


Digitized  by  VjOOQIC 


560  General  MotUhly  Meeting.  [April  1, 

Editon — American  Joarnal  of  Science  for  March,  1878.    8ya 
Analyst  for  March,  1878.    8?o. 
Athenieam  for  March,  1878.    4to. 
Chemical  News  for  March,  1878.    4to. 
Engineer  for  March,  1878,    fol. 
Horological  Journal  for  Blarch,  1878.    8vo. 
Iron  for  March,  1878.    4to. 

Journal  for  Applied  Science  for  March,  1878.    fol. 
Nature  for  March,  1878.    4to. 
Nautical  Magazine  for  March,  1878.    8vo. 
Pharmaceutical  Journal  for  March,  1878.    8yo. 
Telegraphic  Journal  for  March,  1878.    8vo. 
Franklin  JMtUute—JonmaX,  No.  627.     8vo.     1877. 
Oodman,  Frederick  Du  Cane,  Esq.  F.L.8.  F.Z.S.  M.R.I,  (the  JiiZAor)— Natural 

History  of  the  Azores  or  Western  Islands.    8vo.    1870. 
Harriton,  W.  H.  -E^^.—Psychography :  By  "M.A.  Oxon."    12mo.    1878. 
Linnean  Society — Proceedings,  Nos.  72,  95.    8vo.     1878. 
Liverpool  Literary  and  Philosophical,  Society — Proceedings,  VoL  XXXI.     8vo. 

1876-7. 
Perry,  Rev.  S.  J.  F.R.8.  (the  Editor)— Remlta  of  Meteorological  and  Magnetioal 

Observations  at  Stonyhurst,  1877.     16to.     1878. 
Premsieche  Akademie  der  Wissenschaften — Monatsberichte :  Deo.  1878.    8yo. 
Rostettiy  Professor  F, — Various  Papers.     8vo.    1877. 
Royal  Society  of  London — Proceedings,  No.  185.    8vo.    1878. 
Russell,  Lord  ArChur^M.P,  M.R.L — Ersch  und  Gruber:  Allgemeine  Encyclopadie 
der  Wissenschaften : 
1st  Series,  A  to  G.    40  vols.    4to.     1818-44. 
2nd  Series,  H  to  N.    23  vols.    4to.     1827-44. 
3rd  Series,  O  to  Z.     19  vols.    4to.     1830-44. 
Sootty  R.  H.  Esq.  F.R.S.  (the  EdUor)— The  American  Storm  Warnings.    (K  102) 

8vo.     1878. 
Tuson,  Professor  R.  V,  (the  Editor)— CoolefB  Cyclopaedia  of  Practical  Beoeipts. 

Sixth  edition.    Parti.    8vo.    1878. 
Victoria  JTwttfute— Transactions,  No.  45.    8vo.     1878. 

Vincent,  Chas.  W.  F.R.8.E.  F.CM.  (the  £at<or)— Chemistry, Theoretical, Practical, 
and  Analytical,  as  applied  to  the  Arts  and  Manufactures.    By  Writers  of 
Eminence.    Division  I.    Second  edition.    Division  VI.    4to.    1878. 
Zoological  Society  of  London — Transactions,  Vol.  X.  Parts  3,  4,  5.    4to.     1877. 
Proceedings,  1877,  Parts  3,  4.    8vo.    1877. 


The  following  Arrangements  for  the  Lectures  after  Easter  were 
announced : — 

W.  T.  Thibeutdn  Dver.  MA.  B.Sc.  F.L.8.  Assistant  Director,  Royal  Gardens, 
Kew. — Five  Lectures  on  Some  Points  in  Vegetable  Morphology;  on  Tuesday, 
April  30  to  May  28. 

Lord  Ratleiqh,  M.A  F.R.S.— Four  Lectures  on  Colour;  on  Thursdays, 
May  2  to  23. 

Propessor  Henry  Morley.— Four  Lectures  on  Richard  Steele ;  on  Saturdays, 
May  4, 11, 18,  25. 

Rev.  W.  H.  Dalunoer,  F.R.M.S. — Three  Lectures  on  Researches  in  Minute 
and  Low  Forms  of  Life ;  on  Tuesdays,  June  4,  11,  18. 

Professor  F.  Guthrie,  F.R.S. — Three  Lectures  on  Studies  in  Molecular 
Physics ;  on  Thursdays,  May  80,  June  6,  and  June  13. 

James  Sully,  Esq. — Three  Lectures  on  the  Psychology  of  Art ;  on  Saturdays 
June  1,  8,  15. 
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WEEKLY  EVENING  MEETING, 

Friday,  April  5,  1878. 

Geobob  Busk,  Esq.  F.B.S.  Treasurer  and  Vice-President, 
in  the  Cbair. 

William  Spottiswoodb,  Esq.  M.A.  LL J).  Tr.B.S.  Sec.B.I. 

Quartz :  an  Old  Chapter  re-writien. 

It  is  well  known  that  dijfficult  subjects  are  often  made  much  more 
intelligible  by  being  presented  to  Uie  mind  in  more  than  one  way* 
Under  such  a  category  the  operation  of  rock  crystal,  or  quartz,  upon 
polarised  light  may  be  fairly  classed.  And  although  its  fundamental 
laws  are  well  known  to  students  of  optics,  they  are  perhaps  sufficiently 
intricate  to  justify  their  being  brought  under  a  new  experimental  form 
before  the  members  of  the  Boyal  Institution. 

If  a  Nicol's  prism  be  used  as  a  polariser  and  a  sphere  of  Iceland 
spar  as  an  analyser :  then,  when  the  sphere  is  so  placed  that  its  axis 
coincides  with  that  of  the  beam  of  incident  light,  two  images  are 
formed  on  the  screen.  If  the  aperture  be  a  circle,  or  a  circular  ring, 
the  two  images  will  be  concentric  circles ;  the  ordinary  image  being 
the  larger,  and  the  extraordinary  the  smaller.  The  light  in  both 
images  is  polarised,  but  the  polarisation  in  one  is  radial,  in  the  other 
tangential.  Hence  each  ring  will  be  broken  by  two  dark  intervals 
opposite  to  one  another,  yiz.  at  points  where  the  vibrations  would  be 
perpendicular  to  those  transmitted  by  the  polariser;  and  as  the 
vibrations  at  each  point  of  one  ring  are  perpendicular  to  those  at  the 
corresponding  point  of  the  other,  the  dark  intervals  in  one  ring  are  in 
quadrants  at  right  angles  to  tiiose  in  the  other.  If,  however,  the 
sphere  be  turned  round  (say  about  a  vertical  axis),  various  results 
will  be  noticed;  first,  the  large,  or  ordinary,  image  will  remain 
fixed,  and  consequently  the  rays  forming  it  follow  the  ordinary  laws 
of  refraction ;  secondly,  the  smaller,  or  extraordinary,  image  will 
shift  both  its  position  and  form,  showing  that  the  rays  forming 
it  follow  a  more  complicated  law ;  thirdly,  when  the  angle  of 
turning  has  reached  90^,  the  polarisation  which  was  radial  for  the 
first  position  of  the  sphere,  will  now  be  plane.  The  change  of  figure 
depends  upon  the  fact  that  the  angle  of  refraction  in  the  extra- 
ordinary image  varies  with  the  angle  of  inclination  of  the  incident 
ray  to  the  axis  of  the  crystal,  and  is  greatest  when  that  angle  is  90"^ : 
while  the  change  in  the  polarisation  is  a  result  of  the  general  law  that 
the  plane  of  polarisation  in  the  ordinary  ray  passes  through,  while 
that  of  the  extraordinary  is  perpendicular  to  the  axis  of  the  crystal. 
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Betnming  to  the  original  poBition  of  the  sphere,  if  mono- 
chromatic light  he  used,  the  same  effect  is  seen  as  with  white  light ; 
hnt  if  a  phite  of  qoartz  cut  perpendicularly  to  the  axis  he  inserted 
between  l3ie  Nicol  and  the  sphere,  the  dark  iuteryal  will  be  shifted 
to  the  right  or  to  the  left  according  as  a  right-handed  or  a  left- 
handed  quartz  is  used.  The  amount  of  displacement  will  depend, 
for  light  of  a  given  colour,  on  the  thickness  of  the  quartz ;  and,  for  a 
given  thickness  of  quartz,  on  the  colour,  or,  mate  strictly  speaking,  on 
Uie  wave  length.  In  this  way  the  rotation  of  the  plane  of  polarisa- 
tion by  the  quartz  plate  is  brought  visibly  before  the  eye. 

In  this,  experiment,  however,  the  various  stages  of  rotation  for 
the  rays  of  various  colours  are  brought  successively  into  view ;  but 
by  the  following  arrangement  they  may  be  all  exhibited  simultane- 
ously. If,  while  white  light  is  used,  and  spectra  of  the  ring  images 
be  formed,  then,  on  re-introducing  the  quartz  plate,  the  spectrum 
of  one  ring  (the  ordinary,  or  the  extraordinary,  according  to  the 
position  of  the  polariser)  will  be  seen  to  be  crossed  by  a  spiral  band 
of  darkness,  sweeping  obliquely  from  red  to  blue,  or  vice  versd^ 
according  as  the  quartz  is  right-handed  or  left-handed.  This  shows 
that  the  various  prismatic  colours  in  continuous  succession,  are 
extinguished  at  various  points  of  the  ring ;  or,  in  other  words,  that  the 
plane  of  polarisation  varies  continuously  in  angular  position  with 
the  wave  length.  This  fact  explains  the  effect  seen  when  the  image 
is  formed  on  the  screen  without  dispersion ;  viz.  the  complete  image 
consists  of  two  concentric  rings  coloured  with  the  residual  tints 
(arising  from  the  extinction  of  the  prismatic  colours  in  succession). 
These  tints  run  through  their  cycle  once  in  each  semi-circumferenoe ; 
and  the  tints  in  each  semicircle  of  one  image  are  complementary  to 
those  in  the  corresponding  semicircle  of  the  other.  If  a  biquartz  be 
used,  and  the  line  of  division  between  the  right-handed  and  left- 
handed  portions  pass  through  the  junction  of  the  red  and  violet  parts 
of  either  of  the  rings,  the  order  of  colours  in  the  two  semicircles  will 
be  reverse  to  one  another. 

If  with  the  same  arrangement  as  last  described  the  sphere  be 
tamed  round  through  an  axis  parallel  to  the  line  of  division  of  the 
biquartz,  the  following  results  may  be  observed :  first,  each  of  the 
two  images  will  be  tinted  by  the  biquartz  in  two  compartments, 
the  tints  of  which  depend  upon  the  position  of  the  Nicol ;  secondly, 
the  two  images  will,  as  usual,  present  tints  complementary  to  otie 
another ;  thirdly,  the  parts  where  the  complementaiy  tints  overlap 
will,  as  usual,  appear  white ;  fourthly,  the  parts  where  the  same  tints 
overlap  will  be  more  brightly  illuminated  than  the  parts  which  do 
not  so  overlap.  The  interest  of  the  last  feature  consists  in  showing, 
as  first  noticed  by  Helmholtz,  that  the  low-tint  colours,  russet, 
brown,  drab,  &c.,  are  really  subjective  effects  due  to  red,  orange, 
yellow,  &c.,  when  feebly  illuminated  in  comparison  with  some  other 
brighter  part  of  the  field. 

The  effect  of  right  and  left-handed  quartz  in  combination  is 
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ordinarily  shown,  and  tnmed  to  asefal  account,  by  a  combination  of 
plates,  as  in  Savart's  bands,  or  of  wedges,  as  in  Babinet's  compensator ; 
but  it  may  also  be  well  illustrated  by  the  following  arrangement  A 
solid  cone,  having  a  very  obtuse  vertical  angle,  and  its  axis  parallel  to 
that  of  the  crystal,  is  cut  from  a  right-handed  quartz  ;  a  second  cone, 
in  all  other  respects  similar  to  the  first  excepting  that  it  is  hollow,  is 
cut  from  a  left-handed  quartz ;  and  the  two  are  cemented,  one  inside 
the  other,  by  balsam,  so  as  to  form  a  compound  plate.  When  the 
polariser  and  analyser  are  crossed,  the  following  phenomena  are 
observed:  The  coloured  .bands  are  arranged  in  circles  about  the 
centre.  Midway  between  the  centre  and  circumference,  where  the 
thicknesses  of  right-hand  and  left-hand  quartz  are  equal,  a  black  ring  is 
seen.  Inside  tMs  the  colours  are  arranged  in  the  order  due  to  right- 
handed  quartz ;  outside  it  they  are  arranged  in  the  order  due  to  left- 
handed  quartz.  On  turning  the  analyser  round,  the  middle  ring 
changes  from  black  to  white,  and  the  other  rings,  within  and  without 
the  middle  ring  respectively,  change  their  colours  in  opposite  orders. 
But  owing  to  the  fact  that  the  colours  are  originally  ranged  in  opposite 
orders,  the  last-mentioned  change  gives  rise  to  an  optical  illusion, 
in  virtue  of  which  the  coloured  rings  seem  to  flow  inwards  or  out- 
wards throughout,  according  to  the  direction  in  which  the  analyser 
is  tnmed. 

Another  useful  combination  of  quartz  may  be  mentioned.  Two 
series  of  plates  cut  perpendicularly  to  the  axis,  and  in  the  form  of 
sectors,  of  various  thicknesses,  were  arranged  so  as  to  form  circular 
discs.  One  of  the  discs  was  out  from  right-handed,  the  other  from 
left-handed  quartz,  and  one  which  was  placed  in  front  of  the  other, 
was  capable  of  revolving  about  its  centre.  When  sectors  of  equal 
thickness  coincided  in  position,  they  neutralized  one  another,  and  no 
colour  was  seen.  When,  however,  by  the  revolution  of  the  movable 
disc,  plates  of  different  thickness  were  brought  opposite  one  another, 
colours  were  seen  due  to  plates  whose  thickness  was  equal  to  that 
difference.  The  vividness  of  the  colours  increased  to  a  TnnTiTnnin 
when  the  revolution  amounted  to  a  right  angle,  after  which  it 
diminished  until  at  two  right  angles,  or  half  an  entire  revolution,  it 
again  disappeared. 

[W.  8.] 
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WEEKLY  EVENING  MEETING. 

Friday.  March  29, 1878. 

Warren  dk  La  Bub,  Esq.  M.A.  D.C.L.  F.B.S.  Vice-President, 
in  the  Chair. 

Professor  James  Dewab,  M.A.  F.H.S. 

Experiments  in  Electro-Photometry. 

{AhBtract.) 

Edmund  Begquebsl,  in  the  year  1839,  opened  up  a  new  field  of 
chemical  research  through  the  disooyery  that  electric  currents  may 
be  developed  during  the  production  of  chemical  inter-actions  excited 
by  solar  agency. 

Hunt,  in  the  year  1840,  repeated,  with  many  modifications,  Bec- 
querels  experiments,  and  confirmed  his  results. 

Grove,  in  1858,  examined  the  influence  of  light  on  the  polarized 
electrode,  and  concluded  that  the  effect  of  light  was  simply  an 
augmentation  of  the  chemical  action  taking  place  at  the  suiface  of 
the  electrodes. 

Becquerel,  in  his  well-known  work,  '  La  Lumi^re/  published  in 
1868,  gives  details  regarding  the  construction  of  an  electro-chemical 
actinometer  formed  by  coating  plates  of  silver  with  a  thin  film  of  the 
sub-chloride,  and  subsequent  heating  for  many  hours  to  a  temperature 
of  150°  C. 

Egero£^  in  1877,  suggested  the  use  of  a  double  apparatus  of  Bec- 
querel's  form,  acting  as  a  differential  combination,  the  plates  of  silver 
being  coated  with  iodide  instead  of  chloride. 

The  modifications  of  the  halogen  salts  of  silver  when  subjected  to 
the  action  of  light  have  up  to  the  present  time  been  used  most  suc- 
cessfully in  the  production  of  electric  currents,  and  although  mixtures 
of  photographically  sensitive  salts  have  been  shown  by  Smee  to 
produce  currents  of  a  similar  kind,  yet  no  attempt  has  been  made 
to  examine  the  proper  form  of  instrument  required  for  the  general 
investigation  of  the  electrical  actions  induced  by  light  on  fluid  sub* 
stances. 

This  subject  has  occupied  my  attention  for  some  time,  and  when  the 
investigation  is  completed  I  shall  deal  with  the  residts  in  greater 
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detail.  In  the  meantime  the  following  description  will  giye  an  idea 
of  the  method  of  investigation. 

A  little  consideration  shows  that  the  amount  of  current  produced 
by  a  definite  intensity  and  quality  of  light  acting  during  a  short 
period  of  time  on  a  given  sensitiye  substance  in  solution,  is  primarily 
a  function  of  the  nature,  form,  and  position  of  the  poles  in  the  cell 
relatively  to  the  direction  in  which  the  light  enters,  and  the  selective 
absorption,  concentration,  and  conductivity  of  the  fluid. 

The  diffusive  action  taking  place  in  such  cells  complicates  the 
effects  and  is  especially  intricate  when  insoluble  substances  are 
formed.  In  order  to  simplify  the  investigation  in  the  first  instance, 
poles  that  are  not  chemically  acted  upon,  and  a  sensitive  substance 
yielding  only  soluble  products  on  the  action  of  light,  were  employed. 
For  this  purpose  platinum  poles  and  chlorous  acid  or  peroxide  of 
chlorine  were  selected. 

The  best  form  of  cell  had  one  of  the  poles  made  of  fine  platinum 
wire  fixed  as  closely  as  possible  to  the  inner  surface  where  the  light 
enters,  the  other  pole  being  made  of  thicker  wire  placed  deeper  in  the 
fluid. 

As  the  action  is  confined  to  a  very  fine  film  where  the  light  enters, 
the  maximum  amount  of  current  is  obtained  when  the  composition  of 
the  fluid  is  modified  deep  enough  to  isolate  temporarily  the  front  pole 
in  the  modified  medium.  Under  these  conditions  the  formation  of 
local  currents  is  avoided,  and  the  maximum  electromotive  force 
obtained. 

In  cells  of  this  construction  the  amount  of  current  is  independent 
of  the  surface  of  the  fluid  acted  upon  by  light,  so  that  a  mere  slit, 
sufficient  to  expose  the  front  poles,  acts  as  efficiently  as  a  larger  sur- 
face. This  prevents  the  unnecessary  exhaustion  of  material  and  enables 
the  cell  to  be  made  of  very  small  dimensions.  By  means  of  such 
an  apparatus  the  chemical  actions  of  light  and  their  electrical  rela- 
tions may  be  traced  in  many  new  directions. 

The  amount  and  direction  of  the  current  in  the  case  of  chlorous 
acid  is  readily  modified  by  the  addition  of  certain  salts  and  acids,  and 
thus  electrical  variations  may  be  produced,  resembling  the  effects 
observed  during  the  action  of  light  on  the  eye. 

Certain  modifications  taking  place  in  the  chlorous  acid  by  expo- 
sure to  light  increase  its  sensibility,  and  as  a  general  result  it  is 
found  that  the  fluid  through  these  alterations  increases  in  resistance. 
We  have  thus  an  anomalous  kind  of  battery  where  the  available 
electromotive  force  increases  with  the  resistance.  The  addition  of 
neutral  substances  which  increase  the  resistance  without  producing 
now  decompositions  improves  the  action  of  the  cell. 

Care  has  to  be  taken  in  these  experiments  to  use  the  same  apparatus 
in  a  series  of  comparative  experiments,  as  infinitesimal  differences  in 
the  contact  of  the  active  pole  render  it  difficult  to  make  two  instru- 
ments giving  exactly  the  same  results.  Cells  have  been  constructed 
with  two,  three,  and  four  poles,  and  their  individual  and  combined 
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action  examined.  Quartz  surfaces  baye  also  been  employed  instead 
of  glass,  tbus  enabling  tbe  cbemical  opacity  of  different  substances  to 
be  determined. 

The  electrical  currents  deriyed  through  the  action  of  light  on 
definite  salts  are  strong  in  the  case  of  ferro-  and  ferri-cjanide  of 
potassium,  but  remarkably  so  in  the  case  of  nitroprusside  of  sodium. 

Of  organic  acids  the  tartrate  of  uranium  is  one  of  the  most  actiye. 
A  mixture  of  selenious  acid  and  sulphurous  acid  in  presence  of  hydro- 
chloric acid  yields  strong  currents  when  subjected  to  light  in  the 
form  of  cell  described.  The  list  of  substances  that  may  be  proyed  to 
undergo  chemical  decomposition  by  the  action  of  light  is  yery  exten- 
siye ;  full  details  will  be  found  in  the  completed  paper. 

[J.D.] 
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WEEKLY  EVENING  MEETING, 
Friday,  April  12,  1878. 

The  Duke  of  Northumbbkland,  D.C.L.  LL.D.  Lord  Privy  Seal, 
President,  in  the  Chair. 

Sir  Jobbph  D.  Hooker,  C.B.  K.8J.  M.D,  D.C.L.  President  R.S. 
M.BJ.  &c. 

The  Digtributton  of  the  North  American  Flora. 

Whatkyer  countries  beyond  the  seas  we  may  visit,  in  the  temperate 
regions  of  the  globe,  we  find  that  their  vegetation  has  been  invaded, 
and  in  many  cases  profoundly  modified,  by  immigrant-plants  from  other 
countries,  and  these  are  in  almost  all  cases  natives  of  North-western 
Europe.  Nearly  forty  years  ago  I  arrived  at  night  at  the  Falkland 
Islands,  when  a  boat  was  sent  ashore  to  communicate  the  ship's 
arrival  to  the  Grovernor ;  and,  being  eager  to  know  something  of  the 
vegetation  of  the  islands,  I  asked  the  officer  in  charge  of  the  boat  to 
pluck  for  me  any  plants  he  could  feel  for,  as  it  was  too  dark  to  see 
anything,  and  the  armful  he  brought  to  me  consisted  of  nothing  bat 
the  English  shepherds'  purse.  CM  another  occasion,  landing  on  a 
small  uninhabited  island,*  nearly  at  ihe  Antipodes,  the  first  eridenco 
I  met  with  of  its  having  been  previously  visited  by  man,  was  the 
English  chickweed ;  and  this  I  traced  to  a  mound  tiiat  marked  the 
grave  of  a  British  sailor,  and  that  was  covered  with  the  plant,  doubt- 
less the  offiipring  of  seed  that  had  adhered  to  the  q>ade  or  mattock 
with  which  the  grave  had  been  dug. 

It  was  hence  no  surprise  to  me  to  find  myself,  on  landing  at 
Boston  last  summer,  greeted  by  Western  European  plants  that  had 
established  themselves  as  colonists  in  New  England.  Of  these  the 
first  was  the  wild  chicory,  growing  far  more  luxuriantly  than  I  ever 
saw  it  do  elsewhere,  forming  a  tangled  mass  of  stems  and  branches, 
studded  with  turquoise-blue  blossoms,  and  covering  acres  of  ground ; 
the  very  next  plants  that  attracted  my  attention  were  the  Ox-eye 
daisy  and  Mayweed,,  which  together  whitened  the  banks  in  some 
places,  and  wluch  I  subsequenuy  tracked  more  than  half-way  across 
the  continent 

These,  and  more  than  250  other  Old  England  plants,  which  are 
now  peopling  New  England,  were  for  the  most  part  fellow  emigrants 

♦  Lord  Auckland's  Island,  south  of  Now  Zealand. 
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and  fellow  colonists  with  the  Anglo-Saxon,  having  (as  seeds)  accom- 
panied him  across  the  Atlantic,  and  having,  like  him,  asserted  their 
supremacy  over  and  displaced  a  certain  number  of  natives  of  the  soiL 

Turning  to  the  hotter  parts  of  North  America,  the  same  process 
of  invasion  by  natives  of  the  old  world  is  going  on ;  a  British-Indian 
plant  *  has  established  itself  in  the  streets  of  Savannah,  and  so  entirely 
simulated  the  habit  of  a  native  weed,  that  American  botamsts  gave  it 
a  new  name,  regarding  it  as  indigenous ;  and  one  of  the  most  curious 
cases  of  plant  invasion  known  to  me  is  that  of  the  mango  tree  in 
Jamaica,  which  reminds  one  of  the  accounts  of  captured  tribes,  which 
after  being  carried  into  their  conqueror's  country,  have  so  increased 
and  multiplied,  as  eventually  to  dispossess  and  supplant  their  captors. 
In  1782  Admiral  Bodney  took  a  French  ship,  bound  for  St  Domingo 
from  Bourbon,  with  living  plants  of  the  cinnamon,  jack-iruit,  and 
mango,  sent  to  the  Botanical  Oardens  of  the  former  island  by  that  of 
the  latter.  These  undistinguished  prizes  the  Admiral  presented  to 
the  Jamaica  Botanical  Gardens.  There  the  cinnamon  was  carefully 
fostered,  but  proved  to  be  (as  it  is  to  this  day)  difficult  of  culture  in 
the  island ;  whilst  the  mango,  which  was  neglected,  became  in  eleven 
years  as  common  as  the  orange,  spreading  over  lowlands  and  moun- 
tains from  the  sea  level  to  5000  feet  above  it.  On  the  abolition  of 
slavery  immense  tracts  of  land,  espedaUy  coffee  estates,  relapsed  to  a 
state  of  nature,  and  the  mango  being  a  favourite  fruit  with  the  blacks, 
its  stones  were  flung  about  everywhere,  giving  rise  to  groves  along 
the  roadsides  and  settlements ;  and  the  fruit  of  these  again,  rolling 
down  hill,  gave  rise  to  forests  in  the  valleys  and  on  their  slopes.  The 
effect  of  this  spread  of  the  mango  has  been  to  cover  hundreds  of 
thousands  of  acres,  and  to  ameliorate  the  climate  of  what  were  dry 
and  barren  districts,  by  producing  moisture  and  shade,  and  by  re- 
taining the  rainfidls  that  had  previously  evaporated  ;  besides  tho 
affording  food  for  several  months  of  the  year  to  both  negroes  and 
horses.  It  may  well  be,  that  by  future  generations  in  Jamaica,  Admiral 
Eodney  will  be  known  less  for  his  victory  over  Ck>unt  Grasse,  and 
being  the  first  to  ''  break  the  enemy's  line,"  than  as  the  capturer  of 
the  mango  tree  in  the  Spanish  Main. 

And  it  is  the  same  in  all  countries  colonized  by  the  Anglo-Saxon, 
so  firmly  have  the  plants  he  has  brought  with  him  establiflhed  their 
foot-  or  rather  root-hold  in  the  soil,  that  were  he  and  all  other 
evidence  of  his  occupation  to  disappear  from  North  America,  these  his 
fellow  emigrants  would  remain  as  witnesses  of  his  former  presence^ 
not  only  on  the  shores  and  in  the  forests  of  the  older  States,  but  in  the 
interior  prairie  and  the  newly  settled  valleys  of  the  Bocky  Mountains 
themselves. 

Time  does  not  permit  me  to  dwell  longer  upon  this  subject  of 
immigration  during  the  historic  period.  I  must  now  hasten  to  con- 
sider the  flora  of  North  America,  as  it  was  for  an  indefinite  period 

♦  IVagaria  incUcay  Andr.  (PoteiUilh  Durandii,  Terr,  and  Gr.) 
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before  the  arrival  of  the  Anglo-Saxon,  embracing  prehistorio  and 
geological  epochs :  we  have  to  regard  this  flora  as  a  whole,  and  as 
subdivisible  into  local  floras,  characterized  by  the  prevalence  of 
certain  assemblages  of  plants ;  to  connect  these  local  floras  with  the 
geographical  featores  of  the  areas  they  occupy ;  to  account  for  their 
position  and  composition  by  a  reference  to  the  countries  from  which 
their  components  may  have  been  derived,  and  to  the  means  of  com- 
munication which  exist,  or  may  in  former  times  have  existed  with 
these  countries. 

Before  proceeding  with  this  inquiry  I  will  indicate,  with  the  aid 
of  the  map,  those  prominent  features  of  North  American  geography, 
which  have  regulated  the  distribution  of  its  plants. 

In  the  Arctic  regions  the  three  northern  continents  approach,  and 
the  hydrography  and  geography  of  those  regions  favour  the  assump- 
tion that  in  former  times  they  may  have  been  connected.  Next  we 
observe  that  in  the  American  continent  (unlike  the  European  and 
Asiatic),  the  great  obstacles  to  the  intermingling  of  floras,  the 
mountain  chains,  are  longitudinal;  as  are  the  principal  valleys, 
which  are  the  great  aids  to  their  diffusion.  If  we  now  run  a  section 
across  the  continent  along  its  principal  parallel  (that  near  40^),  which 
approximately  coincides  with  the  isotherm  of  55^  we  find  that  such  a 
section  represents  tolerably  well  any  other  parallel  to  it  in  those 
meridians  in  which  there  is  the  greatest  development  of  a  temperate 
vegetation.  (Commencing  on  the  east,  there  is  first  the  Atlantic  sea- 
board, bounded  to  the  westward  by  moimtain  ranges  of  moderate  eleva- 
tion (rarely  attaining  6000  feet),  which  under  various  names  extend  from 
New  Brunswick,  in  lat.  ^S°,  to  Alabama  and  Georgia,  in  lat.  34^  (and 
which  have  been  collectively  called  the  Appalachian  chain).  Westward 
of  this  chain  are  the  broad,  low,  well-watered  valleys  of  the  Ohio, 
Mississippi,  and  Missouri,  the  latter  at  its  intersection  with  our  principal 
parallel  being  nearly  midway  across  the  continent  and  1300  nulee  from 
the  Atlantic.  From  the  Missouri  the  ascent  is  very  gradual  to  the 
elevated  region  of  the  Rocky  Mountains,  which  consist  of  a  com- 
plicated series  of  rocky  ridges  rarely  exceeding  14,000  feet  elevation, 
occupying  a  belt  300  miles  broad  from  east  to  west  These  ridges 
enclose  very  large,  well-watered,  open  grassy  valleys,  called  Parks,  ihe 
rivers  from  which  usually  discharge  from  the  range  through  narrow 
gorges,  called  Canons. 

The  parks  and  valleys  to  the  east  of  the  mountainous  belt  present 
the  grey-green  (grassy)  vegetation  of  the  prairie,  those  on  the  west, 
the  hoary  sage-bush  (Artemisia)  vegetation  of  the  dry  country  to  the 
westward ;  and  these  often  intersect,  so  that  a  transverse  ridge  may 
separate  a  green  and  well-watered  park  from  a  hoary  and  dry  one. 

The  descent  from  the  Eocky  Mountains  on  the  west,  is  on  to  a  tract 
elevated  upwards  of  4000  feet  above  the  sea,  extending  for  400  miles 
to  the  foot  of  the  Sierra  Nevada.  This  tract  is  intersected  by  several 
short  ranges  8000  feet  high  and  upwards  ;  its  climate  is  dry,  its  soil 
saline,  and  many  of  the  rivers  lose  themselves  in  salt  lakes  and 
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marshes,  whenoe  the  local  names  of  Great  basin,  and  of  the  Sink, 
Sali-lake,  and  Desert  regions.  The  Sierra  Nevada  suoeeeds,  rising 
steeply  to  an  elevation  of  12,000  and  sometimes  of  15,000,  feet. 
Under  various  names  it  traverses  America,  with  little  interruption, 
from  Alaska  to  Sonthem  California,  at  a  distance  of  100  to  150 
miles  from  the  Pacific ;  but  its  breadth  is  nowhere  so  great  as  that 
of  the  Bochy  Mountains.  The  descent  from  it  to  the  westward  is 
into  the  great  valley  of  California,  whose  floor  is  raised  but  little 
above  the  sea  level,  and  between  which  and  the  Fadfio  are  the  low 
and  narrow  coast-ranges,  of  which  the  southernmost  in  southern  Cali- 
fornia unites  with  the  Sierra  Nevada. 

Turning  now  to  the  flora  of  North  America  north  of  the  tropic,  we 
find  that  the  distribution  of  its  plants  is  in  remarkable  conformity  with 
its  geographical  and  climatal  features,  being  in  meridional  belts  from 
the  Arctic  Ocean  to  the  Gulf  of  Mexico ;  the  botanical  components 
of  these  belts  differing  more  and  more  in  advancing  south,  till  in  the 
principal  parallel  that  we  have  traced,  the  diversity  between  the 
eastern  and  western  belts  is  greater  than  between  any  two  similarly 
situated  regions  on  the  globe. 

Polar  Areot, — Commencing  in  the  Polar  area,  the  Arctic  American 
fiora,  though  on  the  whole  a  uniform  one,  is  distinctly  divisible  into 
three ;  the  first  extends  from  Behring's  Straits  to  the  mouth  of  the 
McEenzie  Biver,  and  is  marked  by  the  presence  of  certain  Asiatic  genera 
and  species  that  advance  no  farther  eastward  ;  the  second  extends 
thence  onwards  to  Baffin's  Bay,  and  presents  various  American  genera 
and  species  not  found  either  eastward  or  westward  of  it;  and  the 
third  is  that  of  Greenland,  which  is  almost  exclusively  European,  and 
presents  several  anomalies,  which  I  shall  hereafter  discuss.  Besides 
this  eastern  and  western  distribution  of  the  Arctic  flora,  it  streams 
southward  along  the  three  meridional  mountain  chains  of  the 
continent. 

British  North-American  Flora, — South  of  the  Arctic  flora  is  that  of 
the  British  possessions,  that  is  of  temperate  America  north  of  the  47th 
parallel ;  it  consists  of  a  mixture  of  North  European,  North  Asiatic, 
and  American  genera,  in  very  different  proportions,  disposed  in  five 
meridional  belts.  1,  to  the  eastward,  the  Canadian  forest  region; 
2,  the  woodless  region,  a  continuation  of  the  prairie  region  fiurther 
south  ;  3,  the  Bocky  Mountain  region,  where  Mexican  genera  appear ; 
4,  a  dry  region,  a  continuation  of  the  Desert  or  Sink  regions  to  the 
south  of  it ;  and  5,  the  Pacific  region,  which  assimilates  very  closely 
in  its  vegetation  to  that  of  Eamtschatka. 

United  States  Flora. — It  is  on  entering  the  United  States  that 
the  fiora  of  temperate  North  America  attains  its  great  development 
of  genera  and  species  in  all  the  meridians,  and  that  the  boundaries 
of  the  meridional  belts  of  vegetation  are  most  strictly  defined. 

I.  The  Oreat  Eastern  Forest  region,  extending  over  half  the  con- 
tinent, and  consisting  of  mixed  deciduous  and  evergreen  trees,  reaches 
from  the  Atlantic  to  beyond  the  Mississippi,  dwindling  away  as  it 
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asoendfl  the  western  feeders  of  that  riyer  on  the  prairie.  It  is  note- 
worthy for  the  nnmber  of  kinds  especially  of  decidaous  trees  and 
shmbs  that  are  to  be  found  in  it,  even  on  a  very  limited  area.  Of  this 
I  shall  select  two  examples  from  my  JoumaL  One  was  a  patch  of 
native  forest,  a  few  miles  from  8i  Louis,  on  the  Missouri,  where  in 
little  more  than  half  an  hour,  and  less  than  a  mile's  walk,  I  saw 
forty  kinds  of  timber  trees,*  including  eleven  of  oak,  two  of  maple, 
two  of  elm,  three  of  ash,  two  of  walnut,  six  of  hickory,  three  of  willow, 
and  one  each  of  plane,  lime,  hornbeam,  hop-hombe(Etm,  laurus,  dios- 
pyros,  poplar,  birch,  mulberry,  and  horse-chestnut ;  together  with 
about  half  that  number  of  shrubs. 

The  other  example  was  afforded  me  by  Ooat  Island,  which  divides 
the  great  cataract  of  Niagara,  and  covers  less  ground  than  Eew 
CJardens.  Here  the  vegetation  was  more  boreal  and  less  varied  than 
in  Missouri ;  but  with  Dr.  Oray's  aid  I  counted  thirty  kinds  of  trees, 
of  which  three  were  oaks  and  three  poplars,  together  with  nearly 
twenty  different  shrubs. 

I  know  of  no  temperate  region  of  the  globe  in  which  any  approach 
to  this  aggregation  of  different  trees  and  shrubs  could  be  seen  in  such 
limited  areas,  and  perhaps  no  tropical  one  could  afford  a  paralleL 

No  less  remarkable  is  the  composition  of  the  flora  of  the  Eastern 
States.  Professor  Gray  has  shown  that  most  of  its  genera  are  common 
to  Europe  and  Asia,  but  very  many  are  all  but  confined  to  North-eastern 
Asia  and  Western  America.  This  generic  identity,  however,  gives  but 
a  &int  idea  of  the  close  relationship  between  the  East  American  and 
East  Asiatic,  especially  the  Japanese,  floras,  for  there  is  further 
specific  identity  in  about  two  hundred  and  thirty  coses,  and  very  close 
representation  in  upwards  of  three  hundred  and  fifty ;  and  what  is 
most  curious  is,  that  there  are  not  a  few  very  singular  genera,  of  which 
only  two  species  are  known,  one  in  East  Asia,  the  other  in  East 
America ;  and  in  some  of  these  instances  the  Asiatic  species  is  a  wide- 
spread plant  in  East  Asia,  whilst  the  American  is  ao  extremely  scarce 
and  local  plant  in  its  country,  which  and  other  considerations  render 
it  conceivable  that  the  Asiatic  element  in  East  America  is  a  dying-out 
one. 

Leaving  out  of  consideration  the  purely  American  genera  of  this 
flora,  there  remain  the  genera  common  to  Europe,  Asia,  and  America ; 
the  genera  confined  to  America  and  Asia;  and  the  genera  confined 
to  America  and  Europe.  I  shall  give  an  illustration  of  the  propor- 
tions in  which  these  occur  by  a  reference  to  the  principal  trees  and 
large  shi*ubs  only,  their  names  being  familiar  to  you,  though  the 
smaller  shrubs  and  herbs  afford  infinitely  more  numerous  and  striking 
examples ;  thus,  of  those  common  to  the  three  northern  continents,  I 
find  in  America  thirty-eight  genera  with  about  one  himdred  and  fifty 
species,  these  include   maples,   ashes,  hollies,  elms,  planes,  oaks, 

*  For  the  indication  and  names  of  them  I  am  indobtod  to  Dr.  Engelmann  of 
8t.  Louis,  who  took  me  to  the  forest. 
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chestnuts,  nut,  hornbeam,  birches,  alders,  willows,  beech,  poplars,  &o. 
Of  those  confined  to  America  and  East  Asia  I  find  in  America  thirty- 
three  genera  and  fifty-five  species,  including  magnolias,  tulip  tree, 
ncgundo,  wistaria,  Virginia  creeper,  gleditschia,  hydrangea,  liquid- 
amber,  nyssa,  tecoma,  catalpa,  diospyros,  sassafras,  benzoin,  mulberry, 
walnut,  and  others,  which,  not  being  European,  are  unfamiliar  to  you. 
Lastly,  of  those  confined  to  Europe  and  America  I  find  only  one 
genus,  namely  the  hop-hornbeam,  of  which  there  is  but  a  single 
representative  in  each  country. 

Here  then  is  conclusive  evidence  of  the  close  botanical  relation- 
ship of  North-eastern  Asia  and  Eastern  North  America ;  a  relationship 
of  which  there  is  but  little  evidence  in  the  vegetation  of  the  Prairies 
and  Bocky  Mountains,  and  still  less,  perhaps,  in  the  regions  farther 
west. 

II.  The  Prairie  region  succeeds,  a  grassy  land  with  many  peculiar 
herbaceous  American  genera,  including  Mexican  types,  of  which  last 
the  most  conspicuous  are  a  yucca  and  cacti,  which  latter  increase  in 
nmnber  as  the  Bocky  Mountains  are  approached,  where  they  form  a 
noticeable  feature  in  the  landscape. 

In  the  parks  and  lower  valleys  of  the  Rocky  Mountains  deciduous 
trees  are  few  and  scattered,  and  the  forest  is  an  open  one  of  conifers, 
amongst  which  a  pine,  allied  to  the  Mexican  nut-pines,  P.  edulis,  first 
appears.  Higher  on  the  mountains  the  coniferous  forests  are  dense, 
and  almost  the  only  deciduous  tree  is  an  aspen,  which  forms  impene- 
trable brakes  on  tiie  slopes  and  in  the  gullies.  Above  the  forest 
region  are  the  sub-alpine  and  alpine  regions,  presenting  a  mixture  of 
European,  Asiatic,  and  American  types. 

III.  Descending  to  the  Sink  region  the  cacti  and  yucca  almost 
disappear,  though  they  increase  to  a  maximum  farther  south  in  this 
meridian.  Deciduous  trees  are  very  few,  and  confined  to  the  gullies 
of  the  mountains,  and  Mexican  genera  increase  in  numbers.  The 
hoary  sage-bush  (Artemisia)  covers  immense  tracts  of  dry  soil,  and 
saline  plants  occupy  the  more  humid  districts. 

Another  nut  pine  of  Mexican  afi^ty  (P.  monophylla)  traverses 
the  centre  of  this  region  in  a  narrow  meridional  strip,  and  the  propor- 
tion of  endenic  plants,  herbaceous  especially,  is  very  large. 

IV.  The  Sierra  Nevada  is  clothed  with  the  most  gigantic  coniferous 
forest  to  be  found  on  the  globe,  amongst  which  a  very  few  species  of 
dudduous  trees  are  scattered ;  but  none  of  these  are  identical  with 
trees  of  the  Eastern  forests,  though  several  are  representative  of  them. 
New  Mexican  genera  occur  at  all  elevations  from  the  crest  of  the  range 
to  its  base,  and  thence  extend  across  the  Califomian  valley  and  the 
Coast-ranges  to  the  Pacific,  mixed  with  northern  West  American 
genera  and  species. 

In  this  slight  outline  of  the  botanical  features  of  temperate  and 
Arctic  North  America,  I  have  alluded  to  three  as  most  noteworthy, 
namely,  the  vegetation  of  Greenland,  the  Asiatic  character  of  the 
vegetation  of  the  eastern  half  of  the  continent,  and  the  more  southern 
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and  even  Mexican  character  of  the  vegetation  of  the  western  half. 
How  are  these  features  to  he  acconnted  for  ? 

It  so  happened  that  Dr.  Gray,  Professor  of  Botany  in  Harvard 
College  (Boston),  and  I  were  contemporaneonsly,  hat  without  concert, 
engaged  in  hotanical  investigations,  which  have  resulted  in  explana- 
tions of  the  two  first  features.  He  was  at  work  on  the  flora  of  Japan,* 
I  on  that  of  the  Polar  Zone,'|'  and  we  were  hoth  bringing  to  bear  upon 
our  subjects  considerations  regarding  the  variation  of  species  which 
Mr.  Darwin  I  almost  simultaneously  laid  before  the  public,  and  which, 
I  need  not  say,  powerfully  directed  our  studies. 

I  shall  take  tiie  vegetation  of  Greenland  first,  as  being  first  In  order, 
though  second  in  date  of  appearance  and  least  in  importance.  Its 
chief  peculiarities  are,  1,  that  its  plants  are  almost  all  of  them 
Scandinavian  (that  is.  North-west  European),  hardly  any  of  the 
peculiar  plants  of  the  American  Arctic  sea-coast  and  Polar  islands 
crossing  Baffin's  Bay  and  Davis  Straits ;  2,  that  of  its  300  flowering 
plants  hardly  any  present  even  a  variation  from  their  Scandinavian 
prototypes ;  3,  that  it  is  poorer  in  species  than  is  any  other  division 
of  the  Arctic  flora,  and  wants  many  Scandinavian  plants  that  are 
found  in  most  other  Arctic  countries;  4,  that  though  Greenland 
extends  400  miles  south  of  the  Arctic  circle,  its  extra-Arctic  con- 
tinuation adds  only  about  100  species  to  the  flora,  and  these  all  cross 
the  Arctic  circle  in  other  longitudes ;  5,  some  Greenland  species  are 
confined  to  it  and  to  the  mountains  of  the  Atlantic  side  of  America, 
being  found  nowhere  else  in  Arctic  or  sub-Arctic  America. 

My  explanation  of  these  anomalies  was,  that  at  a  period  previous 
to  the  Glacial,  a  flora  common  to  Scandinavia  and  Greenland  was 
spread  over  the  whole  American  Polar  area,  and  that,  on  the 
accession  of  the  cold  of  that  period,  this  flora  was  driven  south- 
wards, and  Was  affected  differently  in  different  longitudes.  In 
Greenland  many  species  were  exterminated,  being  as  it  were  driven 
into  the  sea  at  the  southern  extremity  of  the  peninsula,  where  only 
the  hardiest  survived.  On  the  return  of  warmth  the  Greenland 
survivors  migrated  northward,  peopling  the  peninsula  with  the 
hardiest  of  the  species  of  its  former  flora,  unmixed  with  American 
species ;  and  unchanged  in  aspect,  from  never  having  been  brought 
into  competition  with  those  of  any  other  flora.  On  the  other  hand, 
the  same  Scandinavian  plants  when  driven  south  on  the  plains  of  the 
continent,  multiplied  there  in  individuals,  and  being  brought  into 
competition  with  American  species  descending  from  Uie  continental 

*  "  Obflervations  upon  the  Relationa  of  the  Japanese  Flora  to  that  of  North 
America,  and  of  other  parts  of  the  North  Temperate  Zone."  *  Memoirs  of  the 
American  Academy  of  Sciences,'  voL  vi  p.  377.  Read  December  14,  1858,  and 
January,  11, 1859. 

t  "  Outlines  of  the  Distribution  of  Arctic  Phmta.'*  Bead  before  the  Linnean 
Society  of  London,  June  21, 1860.    *  Trans.  Linn.  Soc'  xziii.  p.  257. 

t  '*  On  the  Tendency  of  Species  to  form  Varieties,"  by  G.  Darwin,  Esq.,  F.B.6., 
and  Alf.  Wallace,  Esq.  Read  July  1, 1858.  *  Journal  of  the  Proceedings  of  the 
Linnean  Society  of  London,'  vol.  iii.  (Zoology),  p.  45. 
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monntams  on  to  the  plains,  assumed  varietal  forms.  On  the  return  of 
warmth,  therefore,  many  Scandinavian  species  that  had  been  extermi- 
nated in  Greenland,  would,  having  survived  on  the  continent,  travel 
northwards  on  it,  some  unchanged,  others  under  varietal  forms,  accom- 
panied with  American  species  that  had  descended  from  the  mountains 
daring  the  cooling  of  the  continent.  Lastly,  as  some  of  the  Scandi- 
navian species  were  no  doubt  local,  and  confined  to  near  the  meridian 
of  Greenland,  it  is  not  surprising  to  find  that  a  few^  such  should 
survive  only  in  Greenland  and  on  the  eastern  alps  of  North  America. 
Thas  only  could  I  satisfactorily  account  for  the  almost  complete 
identity  of  the  Greenland  flora  with  the  Scandinavian  after  such 
changed  conditions  of  climate ;  for  the  paucity  of  its  species  ;  for  the 
absence  in  it  of  varieties ;  for  thcrarity  in  it  of  peculiarly  American 
species ;  for  the  few  species  which  extra-Arctic  Greenland  adds  to  its 
Arctic  flora ;  and  for  certain  of  its  plants  being  limited  in  range  to 
Greenland  and  the  eastern  American  alps. 

The  relationship  between  the  flora  of  North-east  Asia  and  Eastern 
North  America  has  been  fully  explained  by  Dr.  Asa  Gray  in  an 
essay  on  the  Flora  of  Japan,  which  is  the  first  entirely  satisfactory 
contribution  of  its  kind  to  the  science  of  Botanical  Geography  known 
to  me. 

After  a  detailed  comparison  of  the  botany  of  Japan  and  North 
America,  and  proving  their  affinity.  Professor  Gray  refers  to  the  fsusb 
that  many  of  the  existing  genera  and  even  species  of  both  floras  co- 
existed in  the  high  latitudes  of  America  during  Miocene  times,  as 
shown  by  Heer,  and  other  palaBontologists ;  during  which  period  ho 
further  assumes  that  the  three  northern  continents  were  conjoined, 
or  so  contiguous  as  to  allow  of  a  commingling  of  their  floras. 

The  Glacial  period  followed,  carrying  an  Arctic  climate  south  to 
the  latitude  of  the  Ohio,  but  so  gradually,  that  these  plants  were  not 
exterminated,  but  wholly  or  in  part  driven  southward,  followed  in  the 
rear  by  the  Arctic  vegetation.  As  the  temperature  rose  with  the 
retreating  ice,  this  flora  returned  northward,  leaving  the  Arctic  and 
sub- Arctic  plants  on  the  mountains  of  both  East  and  West  America. 

He  next  shows  that  the  retreat  northward  was  to  a  somewhat 
higher  latitude  than  the  same  plants  now  attain ;  and  this  he  accounts 
for  by  a  reference  to  the  Fluvial  epoch  of  Dana,*  when  the  region  of 
the  Great  Lakes  was  submerged  500  feet  below  their  present  level. 
This  diminished  area  and  lowered  elevation  of  the  land,  by  inducing 
a  milder  climate  than  now  obtains  in  the  Lake  region,  favoured  the 
extension  of  the  flora  to  a  higher  latitude  than  it  now  attains,  and 
hence  efifected  a  second  commingling  of  American  and  Asiatic  plants. 
Lastly,  Dana's  Terrace  epoch  supervened,  when  the  previously  de- 

♦  Whilst  these  pages  were  still  in  the  press,  Prof.  Gray  has  informed  me 
that  he  now  lays  little  stress  on  the  conditions  supposed  to  be  due  to  the  Glacial 
and  Fluvial  epochs ;  and  that  he  is  rather  dispostnl  to  consider  the  separation  of 
the  northern  floras  by  the  Glacial  epoch  to  have  been  final. 
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pressod  northern  region  was  again  raised,  cooling  the  climate,  finally 
dissociating  the  Asiatic  and  American  floras,  and  giving  to  the  Arctic 
and  snb-Ajrotic  plants  of  the  continent  their  present  limits. 

It  remains  now  to  account  for  the  great  rarity  of  East  Asiatic 
types  in  America  west  of  the  Prairies,  and  the  presence  in  those 
meridians  of  Mexican  and  still  more  southern  ones.  Hitherto  there 
have  been  no  other  attempts  at  a  solution  of  this  problem  than 
such  unsupported  speculations  as  that  the  western  half  of  the  conti- 
nent, though  so  much  the  loftier,  was  submerged  during  the  southern 
migration  of  the  northern  Miocene  plants ;  or  that  the  climate  of  tho 
West  was  unsuited  to  the  habits  of  these,  which  appears  to  me  to  be 
at  variance  with  the  fact  that  when  imported  into  it  they  thrive 
luxuriantly. 

The  explanation  which  I  have  to  offer  will  be  best  understood  by 
a  reference  to  our  section  (p.  571),  which  shows  the  western  half  of  the 
continent  to  be  enormously  elevated  as  compared  with  the  eastern,  and 
to  have  been  singularly  adapted  for  the  retention  of  vast  bodies  of  ice 
for  long  after  the  Glacial  period.  We  find  there  a  valley  (the  desert 
region),  upwards  of  400  miles  broad,  and  upwards  of  4000  foet  eleva- 
tion, with  many  ranges  of  over  8000  feet  in  it,  bounded  by  broad  and 
lofty  mountains,  together  occupying  at  least  two-thirds  of  the  breadth 
of  the  western  half  of  the  continent.  We  further  know  that  these 
mountains  were  clothed  with  ice  during  the  Glacial  epoch,  and  that 
the  valley  was  then  occupied  by  a  vast  lake ;  for  on  the  uppermost 
of  the  many  shelves  which  the  retiring  waters  of  this  lake  cut  on  the 
flanks  of  the  Hocky  Mountains  and  Sierra  Nevada,  the  skull  of  the 
musk-ox,  the  most  Arctic  of  land  quadrupeds,  has  been  foimd« 

It  is  obvious  that  this  whole  western  region  must  have  retained  its 
glacial  mantle  for  an  incalculable  period  after  Eastern  America  had 
been  sufficiently  warmed  to  admit  of  the  northward  return  of  the 
plants  that  had  been  driven  southward  in  it ;  and  that  this  glaciated 
condition  must  have  effectually  barred  a  similar  return  of  Uie  same 
plants  in  those  western  meridians;  these  must  have  perished  in 
short  on  reaching  Southern  California.  Long  ages  after,  when  the 
western  ice  disappeared,  and  the  climate  of  the  valleys  warmed,  the 
Mexican  and  more  southern  plants  would,  as  a  matter  of  course,  take 
possession  of  the  unoccupied  soil,  and  advance  northward  till  they 
encountered  the  boreal  vegetation  of  North-western  America,  wi^ 
which  they  now  commingle. 

I  have  said  that  the  extinction  of  East  Asiatic  types  in  Western 
America  was  not  total ;  a  few  escapes  are  found  in  the  valleys  of  the 
Bocky  Mountains  and  Sierra  Nevada,*  and  also  alone  the  coast  of  the 
Pacific,  the  warming  influence  of  which  favoured  ueir  preservation 
during  their  northern  migration. 

Two  instances  of  these  escapes  are  of  such  interest  that  I  shall  in 

*  And  alBO  on  the  highlands  of  Central  Mexico,  where  some  Asiatic  tjrpea 
remain  which  have  not  migrated  farther  north  or  south  in  America.  Sach  are 
the  eminently  Asiatic  genera  Booconia,  Meliosma,  Photinia,  Cotoneaster,  Deutsia, 
and  Abelia. 
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concluding  this  lecture  bring  th^n  under  your  notice ;  they  are  those 
giants  of  the  vegetable  kingdom,  the  Sequoias,  the  Bed  wood  {S.  sem^ 
permren8\  and  the  "  Big-tree,"  or  '*  Wellingtonia  (S.  gigantea). 

The  fossil  remains  of  these  trees,  or  species  most  closely  allied 
to  them,  are  found  in  Miocene  beds  in  high  latitudes  all  round  the 
globe ;  in  Vancouver's  Island,  Sitka,  on  the  Arctic  American  sea- 
coast,  in  Oreenland,  Spitzbergen,  and  in  Arctic  Asia,  &c.  The  genus, 
therefore,  which  first  appeared  in  the  Cretaceous  times,  was  un- 
doubtedly a  member  of  that  mixed  Americano- Asiatic  flora  that  was 
driven  southward  during  the  Glacial  period.  The  genus  is  now  con- 
fined to  western  North  America,  and  to  the  two  above-named  species, 
but  is  represented  in  Eastern  America  by  the  very  closely  allied 
genus  Taxodium,  and  in  Eastern  Asia  by  Glyptoatrcbus. 

The  distribution  of  the  two  Sequoias  is  most  instructive.  The  red- 
wood forms  a  dense  narrow  forest  tract  for  about  500  miles,  skirting 
the  ocean,  along  whose  warmer  shore  it  crept  northward  after  the 
Glacial  epoch.  It  rivals  in  height  its  lister  of  the  Sierra,  and  attains 
an  enormous  girth  and  age,  though  I  can  find  no  account  of  any 
attempt  having  been  made  to  estimate  its  age. 

The  S,  gigantea  or  '*  Big-tree  "  (the  Wellingtonia  of  British  gardens), 
again,  is  a  plant  of  a  cooler  climate ;  and  hence,  having  survived  the 
glacial  cold,  was  enabled  to  establish  itself  in  the  Sierra  Nevada,  under 
certain  very  restricted  conditions.  It  extends  at  intervals  along  the 
western  slope  of  the  Sierra  to  a  little  north  and  south  of  the  parallels 
of  86°  and  38''  N.,  that  is  for  nearly  200  miles  in  a  north-west  and 
south-east  direction,  at  elevations  of  5000  to  8000  feet  above  the  sea. 
Towards  the  north  the  trees  occur  as  very  small,  isolated,  remote 
groves  of  a  few  hundreds  each,  most  of  them  old  aiid  interspersed 
amongst  gigantic  pines,  spruces,  and  firs,  which  appear  as  if  en- 
croaching upon  them ;  sach  are  the  groves  visited  by  tourists 
(Calaveras,  Mariposa,  <&c.).  To  the  south,  on  the  contrary,  the  Big- 
trees  form  a  colossal  forest,  forty  miles  long  and  three  to  ten  broad, 
whose  continuity  is  broken  only  by  the  deep  sheer-walled  canons  that 
intersect  the  mountains ;  here  they  displace  all  other  trees,  and  are 
described  as  rearing  to  the  sky  their  massive  crowns;  whilst  seen 
from  a  distance  the  forest  presents  the  appearance  of  green  waves  of 
vegetation,  gracefully  following  the  complicated  topography  of  the 
ridges  and  nver  basins  which  it  clothes. 

But  by  far  the  most  remarkable  fact  hitherto  reported  regarding 
the  disposition  of  the  groves  is,  that  they  occupy  only  those  spots  in 
the  Sierra  which  were  first  laid  bare  when  its  icy  mantle  became 
broken  up  into  isolated  glaciers.  Thus,  commencing  at  the  north, 
the  gap  of  40  miles  between  the  Calaveras  and  Tuolome  groves 
was  occupied  by  the  great  glacier  of  the  Tuolome  and  Stanislaus 
rivers ;  that  between  the  Merced  and  Mariposa  groves  by  the  glacier 
of  the  Merced  Eiver,  which  sculptured  the  famous  Yosemite  Valley ; 
and  so  on,  each  successive  group  of  trees  occupying  a  lofty  spur 
between  the  sites  of  ancient  glaciers,  and  the  greatest  continuous 
extension  of  the  forest  (of  40  miles)  occurring  exactly  where,  owing 
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to  the  topographical  pecnliarities  of  the  region,  the  ground  was  most 
perfectly  protected  from  great  fields  of  ioe. 

Mr.  Muir,  a  very  intelligent  and  accurate  obserrer,  who  has 
studied  the  groves  throughout  their  length  and  breadth  most  dili- 
gently,* and  to  whom  I  am  indebted  for  the  above  and  much 
other  information  regarding  the  southern  forest  of  Big-trees,  considers 
that  these  have  never  since  the  Glacial  epoch  been  more  widely  distri- 
buted or  in  greater  vigour  than  now,  and  doubts,  indeed,  if  the  forests 
have  reached  their  prime,  founding  his  opinion  on  the  high  state  of 
health  of  the  mass  of  the  trees,  the  multitude  of  seedlings  and  sap- 
lings in  the  southern  groves,  and  the  absence  of  any  trace  of  trees 
having  existed  outside  the  present  limits  of  the  groves  (as  of  dead 
trees,  stumps,  or  the  great  holes  left  by  fallen  trees). 

So  little  that  is  trustworthy  has  hitherto  been  published  regarding 
the  age,  size,  and  durability  of  the  Big-tree  trunks  when  fallen,  that 
I  shall  offer  you  some  accurate  data  which  I  obtained  on  these  points 
chiefly  from  Mr.  Muir.  A  tree  felled  in  1875  had  no  appearance  of 
age ;  it  was  69  feet  in  girth  inside  the  bark,  and  the  number  of  annual 
rings  counted  by  three  persons  varied  between  2125  and  2139. 
Another  was  107  feet  in  girth  inside  the  bark  at  4  feet  from  the 
ground ;  its  wood  was  very  compact,  and  showed,  throughout  a  con- 
siderable portion  of  the  trunk,  80  annual  rings  to  the  inch.  This,  if 
the  rings  were  of  uniform  diameter  in  the  rest  of  the  trunk,  would  give 
the  incredible  age  of  6400  years ;  but  as  the  interior  rings  of  such 
trees  are  much  broader  than  the  outer,  half  that  number  to  the  inch 
is  a  more  conceivable  estimate,  which  would  give  an  age  of  8500  years. 
The  only  other  instance  of  careful  coimting  of  rings  which  I  can  find, 
is  of  that  of  the  felled  tree  in  the  Calaveras  grove,  which  measured 
70  feet  girth  inside  the  bark,  at  6  feet  above  the  ground,  and  which 
at  40  feet  above  the  ground  had  1255  rings.  In  this  case  the  rings 
next  the  bark  were  38  to  the  inch,  a  number  which  at  5  feet  inward 
had  diminished  one-half.  The  result  of  many  measurements,  chiefly 
by  Professor  Whitney,!  gives  as  the  average  height  of  full-grown 
trees,  275  feet,  and  a  maximum  a  little  over  320,  and  a  girth  outside 
the  bark,  at  6  feet  above  the  ground  of  70,  with  a  maximum  of  120 ; 
whilst  the  maximum  age  possibly  attained  may  be  4000  years,  though 
this  is  very  improbable. 

The  duration  of  the  dead  wood  in  the  forest  is  very  great.  I  rarely 
observed  signs  of  rot  in  the  fallen  trees  I  examined,  whilst  in  similar 
forests  in  Northern  California  I  saw  gigantic  trunks  of  silver  firs  form- 
ing mounds  of  rotten  debris  without  an  atom  of  sound  wood,  and  this 
in  two  years  after  their  fall,  as  I  was  assured.  I  had  no  data  for 
ascertaining  the  length  of  time  during  which  any  of  the  prostrate 

♦  "  On  the  Poat-glaoial  History  of  Sequoia  Gigantea,"  by  John  Muir,  of  San 
Franoisoo,  Cal.  (Proceedings  of  the  Amer.  Assoc,  for  the  Advancement  of  Science, 
Buffalo  meeting,  Aug.,  1876). 

t  Very  careful  measurements  of  the  trees  in  the  Calaveras  and  Mariposa 
groves  are  g^ven  by  Professor  Whitney  (State  Geologist)  in  the  *  Yosemite  Guide 
Book,*  published  under  the  authority  of  the  Geological  Survey  of  California  (1874X 


Digitized  by  VjOOQIC 


580  Sir  Joseph  D.  Hooler  on  the  N.  American  Flcra.    [April  12, 

Beqnoia  trtmlcB  which  I  saw  may  haye  Lun  on  the  ground,  but 
Mr.  Moir  has  supplied  me  with  a  very  cmcial  case.  It  is  that  of  a 
prostrate  trank  wi^  no  signs  of  decay  in  any  part  of  it,  which  had  been 
bnmt  in  two  by  a  forest  fire,  and  in  the  toench  between  the  seyered 
portions  of  which  a  silver  fir  grew.  This  fir  was  felled,  and  had 
880  annual  rings ;  therefore,  to  estimate  the  time  during  which  the 
Sequoia  trunk  had  lain  uninjured,  we  must  add  to  the  380  years,  first 
the  time  it  lay  before  the  forest  fire  burnt  it  in  two,  and  then  the  un- 
known interval  between  that  time  and  the  arrival  of  the  silver  fir  seed. 

The  milleniums  during  which  these  Sequoia  trees  must  have 
remained  in  statu  quo,  proving  the  long  duration  of  existing  condi- 
tions of  climate,  are  but  as  minutes  compared  with  the  time  occupied 
by  the  migration  of  this  very  species,  or  its  ancestors,  north  and  south 
in  the  continent  of  America.  Whatever  might  otherwise  be  the 
extent  of  the  Sequoia's  travels,  they  are  now  at  an  end.  Man  has 
pronounced  the  sentence,  "  Thus  far  shalt  thou  go,  and  no  farther !" 
The  doom  of  these  noble  groves  is  sealed.  No  less  than  five  saw- 
mills have  recently  been  established  in  the  most  luxuriant  of  them, 
and  one  of  these  mills  alone  cut  in  1875  two  million  feet  of  Big-tree 
lumber ;  and  a  company  has  lately  been  formed  to  cut  another  grove. 
In  the  operations  of  tibe  California  woodcutters  the  waste  is  pro- 
digious. The  young,  manageable  trees  are  first  felled ;  after  which 
the  forest  is  fired  to  clear  the  ground  and  get  others  out,  and  thus  the 
saplings  are  destroyed.  More  destructive  still  are  the  operations  of 
the  sheep-farmers,  who  fire  the  herbage  to  improve  the  grazing,  and 
whose  flocks  of  tens  of  thousands  of  sheep  devour  every  green  thing, 
and  more  effectually  than  the  locust.  The  devastation  of  the  CaH- 
fomian  forest  is  proceeding  at  a  rate  which  is  utterly  incredible, 
except  to  an  eye-witness.  It  is  true  that  a  few  of  the  most  insigni- 
ficant groves  of  the  Big-trees  at  the  northern  extreme  of  its  range  are 
protected  by  the  State  Legislature,  and  that  a  law  has  been  enacted 
forbidding  the  felling  of  trees  over  15  feet  in  diameter ;  but  there  ia 
no  law  to  prevent  the  cutting  or  burning  of  the  saplings,  on  which 
the  perpetuation  of  the  grove  depends,  or  to  prevent  the  burning 
of  the  old  trees,  which,  if  they  do  escape  the  fire,  will  succumb  to  the 
drought  which  the  sweeping  away  of  the  environing  forest  will 
occasion. 

During  the  last  quarter  of  a  century  the  Anglo-Saxon  has  beeji 
ruthlessly  carrying  fire  and  the  saw  into  the  forests  of  California, 
destroying  what  he  could  not  use,  and  sparing  neither  young  nor  old, 
and  before  a  century  is  out  the  two  Sequoias  may  be  known  only  as 
herbarium  specimens  and  garden  ornaments ;  indeed,  with  regard  to 
the  Big-tree,  the  noblest  of  the  noble  coniferous  race,  the  present 
generation,  which  has  actually  witnessed  its  discovery,  may  live  to 
say  of  it,  that ''  The  place  which  knew  it  shall  know  it  no  more." 

[J.  D.  H.] 
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ANNUAL  MEETING, 

Wednesday,  May  1, 1878. 

GxoBGs  Busk,  Esq.  F.B.S.  Treasnrer  and  Vice-Pieeident, 
in  the  Chair. 

The  Anniial  Beport  of  the  Committee  of  Visitors  for  the  year 
1877,  testifying  to  the  oontinned  prosperity  and  efficient  management 
of  the  Institution,  was  read  and  adopted.  During  the  last  twenty-five 
years  the  number  of  Members  paying  annually  ^five  guineas)  has 
increased  from  344  to  544.  The  B^  and  Funded  Property  now 
amounts  to  above  84,5002.,  entirely  derived  from  the  Contributions 
and  Donations  of  the  Members. 

Forty-one  new  Members  paid  their  Admission  Fees  in  1877. 

Sixty-two  Lectures  and  Nineteen  Friday  Evening  Discourses  were 
delivered  in  1877. 

The  Books  and  Pamphlets  presented  in  1877  amounted  to  about 
190  volumes,  making,  wi&  those  purchased  by  the  Managers,  a  total 
of  871  volumes  added  to  the  Library  in  the  year,  exclusive  of 
periodicals. 

Thanks  were  voted  to  the  President,  Treasurer,  and  Secretary,  to 
the  Committees  of  Managers  and  Visitors,  and  to  the  Professors,  for 
their  services  to  the  Institution  during  the  past  year. 

The  following  Gentlemen  were  unanimously  elected  as  Officers 
for  the  ensuing  year : 

Pbisidbnt — The  Duke  of  Northumberland,  D.C.L.  LL.D.  the 

Lord  Privy  Seal. 
Tbbasubxb— George  Busk,  Esq.  F.B.C.S.  F.RS. 
Sbobbtabt — William  Spottiswoode,  Esq.  M.A.  LL.D.  Treas.  B.S. 

Corresponding  Member  of  Aoademy  of  Soienoea,  Paria. 


Manaobbs. 

George  Berkley,  C.E. 
William  Bowman,  Esq.  F.R.S. 
Thomaa  BoTcott,  M.D.  F.L.S. 
Warren  De  La  Roe,  Esq.  M.A.  D.C.L.  F  RJ3. 
Sir  T.  Frederick  Elliot,  K.C.M.G. 
Edward  Frankland,  Esq.  D.C.L.  F.R.S.  &c. 
Francis  Galton,  Esq.  M  JL.  F.RS.  F.G.S. 
The  Hon.  Sir  Wm.  B.  Grove,  H.A.  D.CX. 

F.RJ5. 
Thomas  Hyde  Hills,  Esq. 
The  Lord  Lindsay,  M.P.  Pres.  R.A.S. 
Sir  W.  Frederick  Pollock,  Bart.  M.A. 
John  Rae,  M.D.  LL.D. 
Chaa.  Wm.  Siemens,  Esq.  D.C.L.  F.R.S. 
Benjamin  Leigh  Smith,  Esq. 
James  Spedding,  Esq. 

VoL.Vin.    (No.  69.) 


ViSITOBS. 

John  Frederic  Bateman,  Esq.  F.R.S.  F.G.S. 
Charles  Brooke,  Esq.  UjL  F.RA 
William  Henry  DomTille,  Esq. 
Sir  Philip  de  Malpas  Qnj  Egerton.  Bt. 

M.P  F.R,S. 
Alexander  John  Ellis,  Esq.  F.R.S.  F.S.A. 
Edward  Enfield,  Esq. 

William  Hoggins,  Esq.  D.C.L.  LL.D.  F.R.S. 
William  Watkiss  Lloyd»  Esq. 
Yemon  Lnshington,  Esq.  Q.C. 
Henry  Pollock,  Esq. 
Lachlan  Mackintosh  Rate,  Esq. 
The  Rev.  Arthur  Rigg,  M  Jk. 
Basil  Woodd  Smith,  Eaq.  F.RJL.S. 
George  Andrew  Spottiswoode,  Esq. 
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WEEKLY  EVENING  MEETING, 

Friday,  May  8, 1878. 

PBOFB880B  E.  Fbankland,  D.C.L.  F.R.S.  &o.  M.B.L  in  the  Chair. 

W.  Spottibwoobb,  Esq.  LL.D.  Tr.E.8.  SecBJ. 

A  Nocturne  in  Black  and  TeUaw. 

It  is  well  known  that  the  oolonied  bands  and  rings  shown  by  white 
light,  when  polarised  and  transmitted  through  crystals,  fade,  and 
cease  to  be  visible  when  the  retardation  of  the  rays,  due  to  the  thick- 
ness of  crystal  traversed,  is  large.  The  feebleness  of  tint  and  con- 
fusion of  definition  arises  from  the  overlapping  of  figures  of  different 
colours.  But  when  monochromatic  light  is  used  no  mixture  of  colour 
can  take  place,  and  the  bands  and  rings  remain  perfectly  defined,  even 
when  the  thickness  of  the  crystal  is  considerable.  The  more  com- 
plicated figures  produced  by  two  plates  of  crystal  are  still  more 
liable  to  obliteration;  and  the  use  of  monochromatic  light  is  in 
this  case  even  more  important  for  maintaining  the  integrity  of  the 
phenomena. 

One  essential  requisite  for  bringing  out  the  figures  in  question  is 
purity  of  colour  in  the  light  employed.  On  this  account  the  ordinary 
method  of  absorption  by  coloui:^  media  fails ;  and  it  is  only  by  the 
use  of  a  monochromatic  source  of  light  that  a  satisfactory  result  can 
be  obtained.  For  eye  observations,  a  spirit  lamp,  sometimes  with  the 
addition  of  a  little  salt,  suffices;  but  the  iUumination  from  this  source 
is  insufficient  for  projection  on  a  screen.  My  first  attempt  at  supply- 
ing this  requisite  was  made  by  replacing  the  lime  in  an  oxy-hydrogen 
lamp  by  a  cylinder  of  carbon  through  which  a  hole  was  bored  and 
filled  with  chloride  of  sodium.  This  answered  very  well  as  long  as 
there  was  enough  sodium  in  the  presence  of  the  jet ;  but  it  was  found 
difficult  to  maintain  a  constant  supply  at  the  particular  point 
required.  The  carbon  and  sodium  were  next  replaced  by  a  kiand  of 
glass  formed  by  melting  borax,  and  to  this  small  pieces  of  hard 
German  glass  were  occasionally  added.  A  bead  of  this  substance 
was  placed  in  a  small  platinum  cup,  so  fixed  that  the  jet  of  mixed 
gases  could  play  upon  it  at  a  distance  of  about  three-sixteenths  of  an 
inch.  This  arrangement  serves  perfectly  for  laboratory  and  experi* 
mental  work ;  but  for  projection  on  a  large  scale  a  still  more 
powerful  source  of  light  is  required.  For  a  burner  adapted  to  lecture- 
purposes  I  am  indebted  to  a  suggestion  of  Professor  Dewar.  The 
burner  consists  of  an  oxy-hydrogen  jet,  with  the  addition  to  the 
hydrogen  tube  of  a  chamber  containing  metallic  sodium.  The  metal 
is  volatilized  by  a  Bunsen's  burner  placed  below  it;   so  that  the 
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hydrogen  emerges  charged  with  Bodinin  Taponr.    The  result  is  a 
bright  monochromatic  light. 

Let  us  begin  our  experiments  with  the  simple  case  of  a  Babinet's 
compensator  traversed  by  a  beam  of  parallel  rays.  This  instrument 
consists  of  two  quartz  wedges,  having  the  axis  of  the  crystal  contained 
in  one  of  the  plane  faces  of  each ;  but  the  axis  in  one  wedge  is 
parallel,  in  the  other  perpendicular  to  the  refracting  edge.  The 
wedges  are  usually  made  with  a  refracting  angle  too  small  to  show 
dispersion,  but  of  such  a  thickness  that  the  iMuds  of  colour  due  to 
their  wedge  form,  shown  by  each  singly,  are  pale.  When  the  wedges 
are  placed  with  their  edges  turned  in  opposite  directions  they  form 
a  plate  substantially  of  uniform  thickness ;  but  owing  to  the  fact  that 
the  axes  are  perpendicular  to  one  another,  the  ray  which  has  traversed 
one  wedge  as  the  ordinary  or  swifter,  will  traverse  the  other  as  the 
extraordinary  or  slower  ray.  Hence  the  total  retardation  of  the  rays 
will  be  that  due  to  the  difference  of  thickness  of  the  wedges  at  each 
point ;  and  therefore  the  compound  plate  will  be  optically  of  thickness 
zero  along  a  central  line  parallel  to  the  edges,  and  of  increasing 
thickness  towards  each  side. 

If  one  of  the  wedgM  be  turned  through  a  right  angle  (say,  to  its 
second  position),  s6  that  their  axes  are  coincident,  the  two  will  form 
a  wedge  whose  tibickness,  greatest  at  one  angle,  diminishes  diagonally, 
at  a  rate  double  of  that  of  each  wedge  singly. 

If  the  same  wedge  be  turned  through  a  second  right  angle  (say, 
to  its  third  position),  the  refracting  edges  will  be  coincident,  and 
the  axes  at  right*  angles.  The  whole  will  then  form  substantially  a 
wedge  with  a  refracting  angle  double  of  that  of  each.  But  since  the 
rays  will  at  every  point  have  traversed  an  equal  thickness  of  each 
crystal,  the  one  as  an  ordinary  and  the  other  as  an  extraordinary  ray, 
the  retardation  will  be  everywhere  neutralized. 

In  the  first  position,  with  white  light,  there  will  be  a  central  band, 
dark  or  bright  according  as  the  polariser  and  analyser  are  crossed  or 
coincident ;  and  on  each  side  first  a  white,  or  dark,  band,  and  then 
coloured  bands,  whose  tints  are  fainter  in  proportion  to  their  distance 
from  the  centre.  With  monochromatic  light,  uie  bands  are  alternately 
dark  and  bricht,  and  all  equally  well  defined.  In  the  second  posi- 
tion, the  bands  are  diagonal,  and  are  perfectly  distinct  with  mono- 
chromatic light,  even  when,  as  usual,  the  thickaess  of  the  wedges  is 
too  great  to  show  them  witii  white  light.  In  the  third  position  the 
field  is  uniformly  dark  or  bright,  whatever  be  the  nature  of  light 
used. 

If  convergent  or  divergent  light  is  used,  uniazal  crystals  ^with 
which  iJone  we  are  here  concerned),  when  cut  perpendicularly  to 
their  axes^  show  the  well-known  systems  of  isoohromatio  rings  and 
dark  brushes.  When  cut  at  other  angles,  they  show  portions  of  the 
same  systems.  But  when  two  such  plates  are  used  in  combination, 
theory  indicates  the  presence  of  some  secondary  phenomena,  which  it 
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is  our  buBiness  now  to  inveBtigate.  Of  these  only  very  small  portions 
are  visible  with  white  light ;  bat  with  monochromatic  light  the  con- 
figuration may  be  traced  thronghout  the  entire  field  of  view. 

The  effect  of  the  two  plates  of  crystal  in  producing  secondary 
effects  due  to  the  crossing  of  two  sets  of  isochromatic  curves  may  be 
well  illustrated  by  Tisley's  harmonograph.  In  this  instrument  the 
figures  due  to  vibrations  having  two  rectangular  components  of  (gene- 
rally) different  periods,  are  approximately  produced.  This  is  effected 
by  a  compound  pendulum;  but  with  the  details  of  this  ingenious 
piece  of  mechanism  we  are  not  here  concerned.  The  curves  due  to 
various  intervals  between  the  components  are  well  known;  but  the 
instrument  does  not  accurately  trace  out  circles  or  ellipses,  or  any 
other  re-entering  curves ;  for,  owing  to  the  friction,  which  gradually 
diminishes  the  amplitude  of  vibration,  its  traces  are  transcendentid 
curves,  or  spirals.  But  on  the  other  hand  the  friction,  and  the  con- 
sequent deviation  of  the  curves  from  their  normal  form,  is  so  small 
that  the  various  turns  of  the  spirals  may  be  taken  as  representing  a 
series  of  rings  with  a  sufficient  degree  of  accuracy  for  our  present 
purpose.  Two  features  of  the  harmonograph  curves  should  be  noticed. 
First,  as  actually  drawn,  they  are  not  geometrical  lines,  but  bands  of 
finite  breadth ;  and  on  that  account  are  the  better  suited  to  represent 
the  interference  rings  of  crystals.  Secondly,  the  distance  between 
the  several  convolutions  of  the  harmonograph  curves  is  greatest  near 
the  outer  part  of  the  figure  and  less  towards  the  centre,  while  in  the 
crystal  rings  the  reverse  is  the  case;  and  with  reference  to  any 
secondary  figure  due  to  the  crossing  of  the  curves  or  rings,  this  differ- 
ence must  be  borne  in  mind. 

The  curves  here  used  as  representing  the  rings  of  uniaxal  crystals 
are  those  produced  when  the  two  vibrations  of  the  pendulum  are  in 
unison,  viz.  they  are  as  nearly  circular  as  may  be,  but  it  is  difficult  to 
avoid  a  slightly  elliptic  form.  A  plate,  originally  drawn  by  the  in- 
strument, has  been  photographed  twice ;  and  the  two  facsimiles  are 
now  together  projected  on  the  screen.  The  secondary  figures  in  ques- 
tion are  then  seen  in  the  portion  of  the  field  comprised  between  the 
centres.  I  have  selected  three  such  pairs  and  fixed  them  with  their 
centres  at  suitable  distances;  one  of  them  shows  ellipses;  another 
parallel  straight  lines;  the  third  hyperbolas,  as  secondary  figures. 
If  one  plate  be  made  to  slide  over  the  other,  the  following  effects  are 
usually  observed.  When  the  centres  are  near  together,  the  crossing 
of  the  curves  gives  rise  to  secondary  hyperbolas ;  as  the  centres  recede, 
the  hyperbolaiet,  at  first  rectangular,  become  oblique ;  they  then  col- 
lapse into  straight  lines  parallel  to  the  plane  passing  through  the 
axes ;  and  finally  they  are  converted  into  ellipses  approximating  more 
and  more  to  circles  as  the  centres  recede  still  £Eui;her  from  one  another. 
I  have,  however,  found  a  pair  of  plates  in  which  the  order  of  the  figures 
is  reversed,  and  which  consequently  represent  the  phenomena  as  they 
actually  occur  with  crystals. 
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Similar  secondary  figures  are  produced  by  two  plates  of  crystal 
used  together,  as  will  presently  be  seen.  In  order  to  examine  their 
mode  of  formation,  it  will  be  simplest  to  begin  with  some  thick 
plates  and  moderately  convergent  light,  by  which  means  the  details 
may  be  brought  out  on  a  sufficiently  large  scale.  For  this  purpose  I 
have  three  pairs  of  plates,  cut  respectively  at  67''  80',  45%  22*^  30'  to 
the  axis.  These,  and  more  particularly  the  second,  are  used  for  pro- 
ducing the  well-known  Savart's  bands.  If  convergent  light  be  made  to 
traverse  any  of  these  plates,  some  portion  of  the  rings  are  produced. 
The  proportion  of  the  ring  system  contained  in  the  field  of  view 
depends  upon  the  convergence  of  the  rays ;  and  the  distance  of  the 
centre  of  the  rings  from  that  of  the  field  upon  the  inclination  to  the 
axis  at  which  the  plate  is  cut.  In  the  specimens  here  used  the  rings, 
for  reasons  stated  in  connection  with  Babinet*s  compensator,  are  in- 
visible with  white,  but  visible  with  monochromatic  light. 

If  a  pair  of  these  plates  be  used,  and  the  principal  plane  of  one, 
originally  coincident  with  that  of  the  other,  is  made  to  turn  gradually 
through  180%  then  with  white  light  a  series  of  coloured  bands  is  pro* 
duced.  The  distance  between  the  bands  increases,  from  a  minimum 
when  they  are  first  visible,  indefinitely  as  the  angle  of  turning 
approaches  180°;  while  the  brilliancy  of  their  tints  and  accuracy 
of  definition  attains  its  maximum  at  90°.  With  monochromatic  lights 
when  the  angle  between  the  principal  planes  of  the  plates  is  0%  the 
vibrations  will  traverse  the  second  plate  in  the  same  manner  as  they 
traversed  the  first ;  and  the  retardation  between  the  ordinary  and  the 
extraordinary  rays  will  be  double  of  that  due  to  each  plate  singly. 
The  two  plates  will  thus  act  as  a  plate  of  double  thickness,  and  the 
number  of  bands  (portions  of  rings)  visible  with  one  plate,  will  bo 
doubled.  When  one  plate  is  turned  as  before  in  front  of  the  other, 
and  the  angle  between  their  principal  planes  is  gradually  increased, 
the  rings  duo  to  one  plate  cross  those  due  to  the  other;  and  the 
intensity  of  illumination  at  the  overlapping  parts  will  depend  upon 
the  angle  at  which  the  rings  cross  one  another.  Bearing  in  mind  the 
fftct  that  at  every  point  of  the  field  the  polarisation  of  one  ray  is 
parallel,  and  that  of  the  other  perpendicular  to  the  direction  of  the 
ring,  it  is  ^on  that  when  the  rings  cross  at  90°,  the  ray  which 
traversed  the  first  plate  as  an  ordinary,  will  traverse  the  second  as  an 
extraordinary  ray ;  and  consequently  the  retardation  due  to  the  two 
plates  together  will  be  the  di£ference  of  that  due  to  each  alone.  The 
result  will  therefore  be  similar  to  that  produced  by  the  two  wedges 
when  their  refracting  edges  are  at  right  angles  ;  and  the  field  will  be 
crossed  by  diagonal  straight  lines. 

For  all  other  angles  of  crossing,  including  the  case  particularized 
above,  the  following  will  take  place.  Each  ray  which  enters  the  first 
plate  will  emerge  as  two  rays  polarised,  the  one  radially,  the  other 
tangentially  with  respect  to  the  rings,  and  with  a  certain  retardation. 
On  entering  the  second  plate,  the  vibrations  of  each  of  these  rays  will 
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be  again  resolved  radially  and  tangentially  wii^  reepect  to  the  rings 
doe  to  the  second  plate.  Each  of  the  new  components,  whether  radial 
or  tangential,  will  therefore  consist  of  two  parts,  generally  of  different 
intensities,  one  of  them  having  been  retuxLed  behind  the  other  in 
their  passage  through  the  first  plate.  The  two  parts  of  each  tangen- 
tially vibrating  ray  will  partially  interfere ;  and  so  likewise  will  the 
two  parts  of  each  radially  vibrating  ray.  In  conseqnence  of  this 
inteiiiBrence,  the  two  rays  emerging  from  the  second  plate  will  in 
general  be  of  different  intensities,  and  one  of  them  vrill  be  retarded 
behind  the  other  in  their  passage  throngh  that  plate.  Finally  all  the 
vibrations  will  again  be  resolved  into  one  plane  by  the  analyser;  and 
when  so  resolved  they  will  in  general  partially  interfere.  This  partial 
interference  will  canse  the  dark  rings  due  to  the  first  plate  to  be  broken 
with  patches  of  partial  brightness,  and  the  bright  rings  with  patches 
of  partial  darkness,  where  uie  rings  of  one  system  cross  those  of  the 
other.  The  general  effect  is  in  many  cases  that  of  a  diaper-pattern 
over  the  field  of  view. 

The  distribution  of  these  interraptions  and  the  nature  of  the 
secondary  figures  which  they  form,  will  depend  upon  the  curvature 
and  angle  of  crossing,  of  the  rings  at  each  point  of  the  field.  The 
mathematical  formuhe,  which  give  the  details  of  the  illumination, 
present  no  difficulty  beyond  tediousness  of  calculation.  And  it  will 
be  sufficient  here  to  say  that,  when  carried  only  to  a  first  approxima- 
tion ^with  respect  to  the  angle  of  incidence  of  Uie  rays)  they  indicate, 
for  tne  secondary  figures,  a  series  of  straight  lines  alternately  dark 
and  bright,  known  as  "  Savart's  bands."  When  carried  to  a  second 
approximation  the  formulad  indicate  that  in  the  neighbourhood  of  the 
ring-centres,  the  secondary  figures  will  be  conic  sections.  YHien  the 
principal  planes  of  the  crystcds  (planes  containing  the  axis  and  the 
normal  to  the  plate)  are  at  180°  to  one  another,  the  conic  sections  are 
central.  In  that  case,  the  expression  for  the  square  of  one  of  the 
principal  axes  of  the  curve  is  a  cubic  in  the  line  of  the  angle  at  whi<di 
the  crystal  has  been  cut.  This  expression  when  equated  to  zero 
must,  by  the  theory  of  equations,  have  one  real  root ;  in  other  words^ 
it  will  vanish  for  one  particular  value  of  the  angle,  and  be  negative 
for  greater  values  and  positive  for  less  values  of  the  angle.  If,  there- 
fore, the  crystals  be  cut  at  an  angle  to  the  axis  smaller  Uian  the  angle 
given  by  the  cubic  equation,  they  will,  when  placed  with  the  axes 
inclined  to  opposite  sides  of  the  field,  show  hyperbolas  for  the 
secondary  figures ;  when  cut  at  a  certain  angle  (about  5d°  50'  in  the 
case  of  quartz),  the  figures  will  be  straight  lines  parallel  to  the  line 
joining  the  ring-centres ;  and  when  out  at  a  greater  angle,  the  figures 
will  be  ellipses,  approximating  to  circles  as  the  angle  of  section 
approaches  to  90^ 

But  leaving  aside  the  mathematical  aspect  of  the  question,  the 
principal  interest  of  the  method  of  monochromatic  light  oonsistB  in 
the  simplicity  of  the  results,  and  in  the  opportunity  which  it  atiknds 
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of  examining  in  detail  all  the  e£fect8  due  to  two  plates  of  crystal.  It 
enables  ns  in  fact  to  follow  the  peculiarities  of  the  secondary  figures 
throQghont  the  entire  field  of  view,  and  to  trace  by  a  continuous 
process  the  modifications  which  these  figures  undergo  when  the 
relatiye  positions  of  the  crystals  are  changed. 

Many  of  these  effects  are  best  seen  with  the  optical  arrangement 
usually  employed  for  showing  the  crystal  rings.  I  have  here  four 
pairs  of  quartz  plates  cut  respectively  at  45'',  SS""  50',  67°  80',  90°, 
to  the  axis ;  the  plates  of  each  pair  having  their  principal  planes  at 
180°  to  one  another.  The  first  of  these  diows,  in  the  region  about 
the  line  joining  the  centres  of  the  ring  systems,  a  series  of  ellipses 
for  the  secondary  figures ;  the  second  shows  straight  lines ;  the  third 
oblique  hyperbolas ;  the  fourth  rectangular  hyperbolas.  With  a  view, 
however,  of  exhibiting  not  only  these  the  more  important,  but  also  all 
intermediate  phases  of  the  phenomena,  I  have  prepared  two  curved 
sections  of  quartz,  each  forming  nearly  a  quadrant,  and  cut  at  one  end 
perpendicular,  at  the  other  nearly  parallel  to  the  axis.  By  placing 
these  end  to  end,  with  the  axes  at  opposite  ends,  and  sliding  one  over 
the  other,  all  the  phases  of  the  secondary  figures  can  be  shown  in 
succession.  And  if  the  point  midway  between  the  axes  be  kept  in 
the  centre  of  the  field  of  view,  the  figures  will  be  B3rmmetrical ; 
otherwise  unsymmetrical.  Beginning  with  the  ends,  which  are  per- 
pendicular to  the  axis,  together  in  the  field  of  view,  and  causing  the 
quadrants  to  slide  at  the  same  rate  in  opposite  directions,  the  secondary 
circles  will  be  seen  elongating  into  ellipses,  the  ellipses  stretching 
out  until  they  pass  into  parallel  straight  lines ;  and  lastly,  these  lines 
contracting  towards  the  centre  of  the  field  and  diverging  towards  the 
sides,  until  they  form  hyperbolas,  the  obliquity  of  which  gradually 
diminishes  as  we  approach  that  part  of  the  section  which  is  parallel 
to  the  axis. 

The  case  of  two  quartz  plates  cut  at  an  angle  of  67°  30'  to  the 
axis,  whereof  one  is  free  to  revolve  in  front  of  the  other,  gives  rise  to 
some  interesting  transformations  of  the  secondary  figures.  When  the 
principal  planes  of  the  crystals  are  coincident,  the  field  generally 
shows  rings  double  in  number  to  those  due  to  one  plate.  But  towards 
the  side  away  from  which  the  axes  are  directed  the  rays  are  more 
nearly  parallel,  while  towards  the  opposite  side  the  rays  are  more 
nearly  perpendicular  to  the  axis.  Hence,  towards  the  first  side,  the 
rings  will  approximate  more  nearly  to  circles,  and  towards  the  other 
they  will  show  indications  of  becoming  branches  of  hyperbolas.  As 
the  principal  planes  are  turned  round  in  opposite  directions  from 
their  initiiJ  position,  the  secondary  figures  begin  to  appear.  At  45° 
discontinuous  bands  with  hyperbolic  curvature  towaids  the  part  of 
the  field  most  distant  from  Uie  ring  centres  are  seen.  At  9(P  these 
bands  become  continuous  and  sharply  defined,  while  towards  the  ring- 
centres  a  portion  of  the  ellipses  may  be  observed  entering  the  field. 
Beyond  90^  the  hyperbolic  branches  leave  the  field,  and  the  rectilinear 
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part  of  the  bands  is  replaced  by  the  diaper-pattern  described  in  a 
former  part  of  this  lecture ;  while  the  ellipses  are  gradually  elongated 
to  parallel  straight  lines,  and  then  are  converted  into  hyperbolas.  At 
180°  the  hyperbolas  occupy  the  centre  of  the  field. 

Many  sinular  experiments  may  be  made  with  biaxal  crystals ;  but 
it  would  exceed  our  present  limits  to  describe  them  here.  I  will, 
therefore,  confine  myself  to  a  repetition  with  monochromatic  light 
of  the  well-known  experiment  of  showing  the  passage  of  mica  from  its 
proper  biaxal  form  to  an  apparently  uniaxal  form ,  by  crossing  a 
number  of  films  of  the  crystal 

It  has  perhaps  been  abundantly  shown  on  more  than  one  occasion 
in  this  theatre,  by  the  spectra  of  polarised  light,  that  colour  is  in  fact 
a  shadow;  and  tiiat  the  varied  tints,  produced  by  crystals  in  light 
under  this  condition,  are  due  to  selectiye  shadows  thrown  as  it  were 
over  the  various  components  of  a  colourless  beam.  And  the  present 
method  of  monochromatic  light  a£fords  a  striking  illustration  of  the 
£ftct  that  suppression  of  light  is  a  fiEMtor  of  all  chromatic  effects.  But 
beside  this,  the  method  i^ords  an  opportunity  of  tracing,  by  a  con- 
tinuous process,  the  transformations  of  the  results  due  to  a  continuous 
change  of  crystalline  circumstance.  The  experiments  supply  a  fresh 
instance  of  tiie  &ct  that  nature  does  nothing  per  scUtum;  and  they 
may  perhaps  be  regarded  as  adding  one  more  link,  however  insignifi- 
cant, to  that  great  chain  of  continuity  which  is  gradually  binding 
more  closely  together  the  diversified  phenomena  of  the  materiid 
universe. 

Lastly,  they  remind  us  that  the  most  beautiful,  the  most  delicate, 
the  most  instructive  features  of  nature  are  dependent,  not  so  much  on 
abundance  of  material,  on  profusion  of  ornamentation,  or  variety  of 
display,  as  upon  simplicity  of  character,  on  fidelity  to  truth,  and  on 
strict  but  willing  obedience  to  law. 

[W.8.] 


Digitized  by  VjOOQIC 


1878.]  Omeral  Monthly  Meeting.  589 

GENERAL  MONTHLY  MEETING, 

Monday,  May  6, 1878. 

Sir  W.  Fbidsriok  Pollook,  Bart  M  ji.  Yioe-Preaideni,  in  the  Chair. 

The    following    Yioe-Presidents    for    the    ensuing    year    were 
announced : 

The  Lord  Lindsay, 

Sir  W.  Frederick  Pollock,  Bart 

G.  William  Siemens,  Esq.  D.O.L.  F.R.S. 

George  Bask,  Esq.  F.B.S.  Treasurer. 

William  Spottiswoode,  Esq.  LL.D.  Tr.R.S.  Secretary. 


Philip  Boyd,  Esq. 

Frank  Crisp,  Esq.  LLlB.  Bji.  F.L.a  Hon.  Sec.  R.  Mic.  Soc 
James  McClelland,  Esq.  J.P.  F.S.S. 
Colin  Mackenzie,  Esq. 
Emile  B.  Merton,  Esq. 
were  elected  Memhers  of  the  Royal  Listitution. 

John  Ttndall,  Esq.  D.C.L.  LLJD.  F.R.S. 
was  re-elected  Professor  of  Natural  Philosophy. 

The  Secretary  announced  that  the  Managers  had  granted  the  use 
of  the  Lecture-Theatre  to  the  SAKrrABT  iNSTrrurs  of  Gbbat  Bbitain 
for  their  Anniversary  Meeting  on  July  3  at  3  o'clock,  when  an 
Address  would  be  given  by  Mr.  Fbank  Buokland,  M.A.  on  ''The 
Pollution  of  Rivers,  and  its  Effects  upon  the  Fisheries  and  the 
Supply  of  Water  to  Towns  and  Villages." 

The  Special  Thanks  of  the  Members  were  returned  to  Ohablbb 
Hawsslbt,  Esq.  for  a  donation  of  Five  Guineas  for  the  Promotion  of 
Scientific  Researches. 

The  Chairman  announced  that  the  FuUerian  Professorship  of 
Physiology  became  vacant  on  the  5th  of  April  last ;  and  that  the 
Majiagers  would  proceed  to  the  election  of  a  Professor  on  the  4th  of 
November  next. 

The  Pbxsints  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  tfit, : — 

raoM 
Aeademia  dei  Lincei,  llome— Atti,  Serie  IlL  Traoaxmti,  Vol.  IL  Faso.  1,  8,  4. 

4to.    1878. 
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Actuaries,  IntUtute  o/— Journal,  No.  110.    8vo.    1878. 

Antiquaries,  Society  o/— Prooeedings.  Second  Series,  Vol.  VIL  No.  3.    8yo.    1878. 

Astronomical  Society,  i{o^l~Monthly  Notices,  VoL  XXXYIII.  Noa.  5,  6.    8Ya 

1878. 
Bavarian  Academy  of  Sciences,  Boyal  —  Sitsnngsberiohte,  1877,  Heft  3.    8¥o. 

1877. 
BrUUh  An^iteots,  Royal  Institute  o/— Sessional  Papers,  187a    Nos.  10, 11, 12. 

4to. 
Chemical  ^Sbciety— Journal,  1877 :  Supplementary  No.  and  for  April,  1878.    8vo. 
ChUtan  Minister,  The — Nitrate  and  Guano  Deposits  in  the  Desert  of  Atacama. 

8vo.     1878. 
Civil  Engineen^  Instilutionr-Umniea  of  Proceedings,  Vol.  LI.    8yo.     1878. 
Cornwall  Polytechnic  Society,  Boyoi— Forty-fifth  Annual  Report    Byo,    1^77. 
CouUs,  John,  Esq.  (the  Autltor}— The  PbilosoptiY  of  Man  and  Creation  (the  Micro- 
cosm and  the  Macrocosm)  as  manifested  by  Revelation  and  Science.     16io. 
1878. 
Dawson,  Dr,  /.  TF.  F.R.S,  (the  Author}— Notes  on  some  Scottish  Devonian 

Phints.    (K  102)    8vo.    1877. 
Editors — American  Journal  of  Science  for  April,  1878.    8vo. 
Analyst  for  April,  1878.    8vo. 
Athenieum  for  April,  1878.    4to. 
Chemical  News  for  April,  1878.    4 to. 
Engineer  for  April,  1878.    foL 
Horological  Journal  for  April,  1878.    8vo. 
Iron  for  April,  1878.    4to. 
Journal  for  Applied  Science  for  April,  1878.    fol. 
Nature  for  April,  1878.    4to. 
Nautical  Magazine  for  April,  1878.    8vo. 
Telegraphic  Journal  for  April,  1878.    8vo. 
Franklin  iiwtifuto— Journal,  No.  628.    8vo.    1877. 

Geographical  Society,  Boyoi— Proceedings,  Vol.  XXU.  No.  2.    8vo.     1878. 
Geological  Survey  of  Indto— Records,  Vol.  XI.  Part  1.    8vo.    1878. 
Iron  and  Steel  /vw^u(a--JourDal,  1877,  No.  2.    8vo.     187a 
Mechanical  Engineers'  Ifi»f»<u<40»i— Proceedings,  Jan.  1878.    8vo. 
Medical  and  Chirurgieal  Society,  i?oyai— Proceedings,  Part  46.    8vo.     1878. 
Meteorological  iSocie^y— Quarterly  Journal,  No.  25.    8vo.    1878 
Fharmaceutical  Society  of  Great  Btitotit— Calendar  for  1878.    8vo. 

Journal  for  April,  187a    8vo. 
Photographie  Society— JomnsA,  New  Series,  Vol.  II.  No.  6.    8vo.    1877. 
Preussische  Akademie  der  YFtMetuc^a/ifen— Monatsbericbte :  Jan.  1878.    8vo, 
BosseUi,  Sig.  F.  (the  jlu^or)— Relazione  su  Esperienze  Telefoniche.    8vo.    1878. 

Sulla  Temperature  del  Sole.    4to.     1878. 
Royal  Society  of  London — Proceedings,  No.  186.    8vo.    1878. 
Russian  Physioal  Central  Observatory— Amia.\ea :  Jahnrang,  1876.    4to.    1877. 
file.  Petersburg,  Aoademie  des  Sciences— M^oiree,    T  o4he.    Tome  XXIV.  Noe. 

4-11 ;  Tome  XXV.  Nos.  1-4.    4to.     1877. 
Tuson,  Professor  R,  V.  (the  Editor)— Coolef  8  Cydopiedia  of  Practical  Receipts. 

Sixth  edition,  Part  2.    8vo.    1878. 
Vereins  zur  Befdrderung  des  Gewerbfleisses  in  Preiuseiir— Verhandelungen,  1878. 
Hefte2,3.    4to. 
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WEEKLY  EVENING  MEETING, 
Friday,  May  10, 1878. 

C.  William  Sumbns,  Esq.  D.G.L.  F.B.S.  Vice-President, 
in  the  Chair. 

Sib  William  Thomson,  LL.D.  F.R.8. 

Hie  Effects  of  Stress  on  the  MagneiizaHon  of  Iron,  CcbaU,  and  Nickel. 

Though,  as  discovered  by  Faraday,  every  sabstanoe  has  a  susceptibility 
for  inductive  magnetization,  the  three  metals,  iron,  nickel,  cobalt,  stand 
out  so  prominently  from  among  the  other  known  chemical  elements, 
that  they  only  are  commonly  regarded  as  the  magnetic  metals,  and  the 
magnetism  of  all  other  substances  is  so  feeble  as  to  be  comparatively 
almost  imperceptible. 

The  magnetization  of  each  of  the  three  magnetic  metals  is  greatly 
affdcted  by  mechanical  stress.  From  the  beginnings  of  magnetic 
science  it  must  have  been  known  that  the  magnetism  of  iron  and  steel 
is  disturbed,  sometimes  lost  or  much  diminished,  by  blows,  striking 
the  metal  with  a  hammer,  or  letting  it  fall  on  hard  ground.  Gilbert, 
nearly  three  hundred  years  ago^  showed  that  bars  of  soft  iron  held  in 
the  direction  of  the  dipping  needle  and  struck  violently  by  a  hammer 
acquire  much  more  magnetism,  and  again  more  reverse  magnetism 
when  inverted  in  that  line,  than  when  placed  in  those  positions  gently 
without  shock  of  any  kind.  An  ordinary  fireside  poker  shows  these 
effects  splendidly,  with  no  other  apparatus  than  a  little  pocket-com- 
pass or  a  sewing  needle,  magnetized  and  slung  horizontally,  hanging 
by  a  fine  silk  thread.  If  habitually  the  poker  rests  upright  the  upper 
end  will  be  found  a  true  north  pole,  the  lower  a  true  south  when  first 
tested  by  the  needle.  Holding  the  poker  with  exceeding  gentleness, 
invert  it : — The  end  that  was  down,  though  now  up,  is  still  a  true  south 
pole,  and  repels  the  north  end  (or  true  south  pole)  of  the  movable 
suspended  needle.  A  gentle  tap  with  the  hand  on  the  poker  now 
produces  a  surprising  result.  Instantly  it  yields  to  the  terrestrial 
influence,  and  its  upper  end,  becoming  a  true  north  pole,  attracts  the 
northern  end  of  the  suspended  needle.  Even  more  surprising  is  the 
slightness  of  the  agitation  which  suffices  to  shake  the  retain^  mag- 
netism  of  a  former  position  out  of  a  soft  iron  wire,  and  let  it  take  the 
magnetization  due  to  the  position  in  which  it  is  held.  A  superstitious 
person  would  say ; — that  is  animal  magnetism  I — when  he  sees  an  iron 
wire  becoming  a  notably  effective  magnet  when  held  vertically  and 
rubbed  gently  from  end  to  end  between  finger  and  thumb. 
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Changes  of  magnotism  produced  by  mechanical  agitation  are 
ahown  to  a  much  greater  degree  in  thin  bars  than  in  thick  ones ;  and 
when  the  diameter  exceeds  a  quarter  of  the  length  they  are  hardly 
sensible.  Hence  when  the  '*  Flinders  bar  "  is  applied  to  compensate 
the  error  produced  in  a  ship's  compass  by  change  of  magnetic  lati* 
tude,  its  length  ought  not  to  be  more  than  six  or  seven  times  its 
diameter ;  and  for  tiie  same  reason  long  iron  rods  or  stanchions  in  the 
neighbourhood  of  a  compass  are  very  detrimental  to  its  trustworthi- 
ness. Half  a  hundredweight  of  iron  in  the  shape  of  rails  or  awning 
stanchions,  too  often  to  be  found  very  near  a  compass,  are  more 
dangerous  than  tons  or  hundreds  of  tons  in  the  shape  of  heavy  steam 
steering  gear,  or  of  armoured  turrets  in  an  ironclad. 

A  piece  of  iron  left  in  the  Royal  Institution  bv  Faraday,  with  a 
label  in  his  own  handwriting  to  the  effect  that  it  had  been  between 
three  hundred  and  four  hundred  years  fixed  in  a  vertical  position  in 
the  stonework  of  the  Oxford  Cathedral,  having  been  given  to  him  by 
Dr.  Buckland  in  May,  1835,  was  exhibited  and  tested.  It  was  found 
to  have  its  upper  end  a  true  north  pole.  It  was  inverted  before  the 
audience,  and  instantly  that  end  became  a  true  south  pole  and  the 
other  a  true  north  pole.  Thus  nearly  four  hundred  years  in  one 
position  had  done  nothing  to  fix  the  magnetism.  In  its  inverted 
position  it  was  hammered  violently  on  each  end  by  a  wooden  mallet : 
this  increased  the  magnetism  somewhat,  but  did  not^  it.  The  bar 
was  inverted  again,  and  then,  in  its  first  position,  its  original  upper 
end,  now  up  again,  became  again  a  true  north  pole. 

The  stoutness  of  the  bar  (that  is  to  say,  the  greatness  of  the  pro- 
portions of  its  breadth  and  thickness  to  its  length)  were  such,  that  if 
of  modem  iron,  it  probably  would  not  have  behaved  as  it  did ;  but  pro- 
bably also  it  may  have  been  superior  in  '<  softness  "  to  the  ordinary 
run  of  modem  bar  iron. 

Bars  of  nickel  and  cobalt,  unique  and  splendid  specimens,  for 
which  the  speaker  was  indebted  to  the  celebrated  metallurgical 
chemist,  Mr.  Wharton,  of  Philadelphia,  were  exhibited,  and  found  to 
show  effects  of  concussion  quite  as  do  bars  of  iron  of  different 
qualities. 

An  altogether  new  effect  of  stress  was  discovered  about  ten  years 
ago  by  Yillari,  according  to  which  longitudinal  pull  augments  the 
temporary  induced  magnetism  of  soft  iron  bars  or  wires  when  the 
magnetizing  force  is  less  than  a  certain  critical  value ;  and  diminishes 
it  when  the  magnetizing  force  exceeds  that  value ;  and  augments  the 
residual  magnetism  when  the  magnetizing  force,  whether  it  has  been 
great  or  smadl,  has  been  removed. 

The  speaker  had  measured  approximately  the  YiUari  critical 
value,  and  found  it  to  be  about  twenty-four  times  the  vertical  com- 
ponent of  the  terrestrial  magnetic  force  (or  about  10  C.6.S.  units). 
The  maximum  effect  in  the  way  of  augmentation  by  pull  he  had 
found  with  about  six  times  the  Glasgow  vertical  force.  He  had  found 
for  bars  of  nickel  and  cobalt  opposite  effects  to  those  of  Yillari  for 
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soft  iron,  and  had  found  a  maximum  value,  with  a  certain  degree  of 
magnetizing  force,  and  evidence  making  it  probable  that  a  critical 
magnetizing  force  would  be  found  for  each  of  these  metals  also,  such 
that  the  magnetization  would  be  increased  by  puU  when  the  mag- 
netizing force  exceeds  it. 

The  speaker  had  found  corresponding  effects  of  transverse  pull  in 
soft  iron,  and  had  found  them  to  be  correspondingly  opposite  to 
those  discovered  by  Yillari  for  longitudinal  pull.  The  transverse 
pull  was  produced  by  water  pressure  in  the  interior  of  a  gun-barrel 
applied  by  a  piston  and  lever  at  one  end.  Thus  a  pressure  of  about 
1000  lbs.  per  square  inch,  applied  and  removed  at  pleasure,  gave 
effects  on  the  magnetism  induced  in  the  vertical  gun-barrel  by  the 
vertical  component  of  the  terrestrial  magnetic  force,  and,  again,  by 
an  electric  current  through  a  coil  of  insulated  copper  wire  round  the 
gun-barrel,  which  were  witnessed  by  the  audience.  When  the  force 
magnetizing  the  gun-barrel  was  anything  less  than  about  sixty  times 
the  Glasgow  value  of  the  vertical  component  of  the  terrestrifd  force, 
the  magnetization  was  found  to  be  less  with  the  pressure  on  than  off. 
When  the  magnetizing  force  exceeded  that  critical  value,  the  mag- 
netization was  greater  with  the  pressure  on  than  off.  The  residual 
! retained)  magnetism  was  always  less  with  the  pressure  on  than  off 
after  ten  or  a  dozen  "  ons  **  and  *'  o&  '*  of  the  pressure  to  shake  out 
as  much  of  the  magnetization  as  was  so  loosely  held  as  to  be  shaken 
out  by  this  agitation). 

It  is  remarkable  that  the  critical  amount  of  the  magnetizing  force 
in  respect  to  effect  of  transverse  pull  is  more  than  double  that  of  the 
Yillan  effect  of  longitudinal  puU.  Thus  for  intermediate  amounts 
of  force  (say  forces  between  10  and  26  C.G.S.  units),  both  longi- 
tudinal puU  and  transverse  pull  diminish  the  induced  magnetization. 
Hence  it  is  to  be  inferred  that  equal  pull  in  all  directions  would 
diminish,  and  equal  positive  pressure  in  all  directions  would  increase, 
the  magnetization  under  the  influence  of  force  between  these  critical 
values,  and  through  some  range  above  and  below  them;  and  not 
improbably  for  all  amounts,  however  large  or  small,  of  the  mag- 
netizing force;  but  farther  experiment  is  necessary  to  answer  this 
question. 

A  most  interesting  further  inquiry  in  connection  with  this  subject 
is  to  find  if  a&olotropic  stress  (pressure  unequal  in  different  directions), 
beyond  the  limits  of  elasticity,  leaves  in  iron,  nickel,  or  cobalt  a  per- 
manent flBolotropio  difference  of  magnetic  susceptibility  in  different 
directions  analogous  to  that  discovered  thirty  years  ago  by  Tyndall 
in  the  diamagnetic  quality  of  soft,  imperfectly  elastic  material,  such  as 
fresh  bread.  Speciid  difficulties  prevented  the  speaker  from  obtaining 
any  results  thirty  years  ago,  when  he  tried  to  discover  corresponding 
effects  in  iron ;  but  the  investigation  is  not  hopeless,  and  he  intends 
to  resume  it. 

[W.  T.] 
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WEEKLY  EVENING  MEETING, 

Friday,  May  17, 1878. 

Sir  W.  Fbkdebiok  Pollook,  Bart.  M. A.  Yioe-President, 
in  the  Chair. 

A.  Qbaham  Bbll,  Esq.  . 


[Abstnot  deferred.] 


WEEKLY  EVENING  MEETING, 

Friday,  May  24, 1878. 

Sir  W.  Fbxdxbiok  Pollook,  Bart.  MA.  Vice-Pl^dent, 
in  the  Chair. 

A.  C.  Eamsat,  LL.D.  F.RS. 

inBIOTO»«KVXXAL  OV  TBS  OIOLOOIOAL  8UXVIT  OW  THS  UnTXD  KZS6D0M. 

The  Oeology  of  OtbraUar  and  the  Opposite  Coast  of  Africa  ;  and  ike 
History  of  the  Mediterranean  Sea. 

Thb  Bock  of  Gibraltar  is  about  2i  miles  in  length,  by  1550  yards  in 
breadth  near  the  north  front,  and  550  yards  at  Etiropa  Flats  at  the 
southern  end  of  the  fortress.  The  north  side  of  the  Bock  forms  a 
noble  cli£^  close  to  which  is  the  Bock  gun  battery  on  a  peak  1349  feet 
above  the  sea.  Farther  south,  close  to  0'Hara*s  Tower,  the  highest 
part  of  the  Bock  attains  an  elevation  of  1370  feet 

The  strata  which  form  the  principal  part  of  the  Bock  consist  of 
compact  grey  limestone,  which  from  the  north  front  to  O'Hara's 
Tower  and  ti^e  western  edge  of  Windmill  Hill  Flats  dip  westerly  at 
very  high  angles,  and  at  Windmill  Hill  are  absolutely  vertical.  No 
fossils  have  been  found  in  these  beds,  except  a  few  brachiopods  of  the 
genus  Bhynchonella  of  an  unnamed  species,  but  which  somewhat 
resembles  Bh,  concinna  of  the  British  Oolites,  and  therefore  it  has  been 
commonly  considered  that  the  limestone  of  the  Bock  belong?  to  the 
Oolitic  or  Jurassic  series  of  continental  geologists.  All  along  the 
western  part  of  the  peninsula,  from  Grand  Caj^mate  Square  to  the 
New  Mole  Parade  and  the  Hospital  Bead,  the  strata  consists  of  dark 
shales  and  thin  bands  of  calcareous  grits,  which  overlie  the  limestone 
and  may  be  well  seen  standing  on  edge  in  the  ditch  outside  the 
batteries  between  the  Old  Mole  and  Careening  Bay.  No  fosrils  have 
been  found  in  these  strata ;  but  their  perfect  conformity  to  the  lime- 
stone beds  indicates  that  they  belong  to  the  same  geological  series. 
Without  going  into  details  I  may  mention,  that  between  the  New 
Mole,  the  Devil's  Bellows,  and  the  neighbourhood  of  the  Advance 
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Battery  a  &iilt  crosses  the  Rock  from  north-west  to  south-east,  and 
south  of  that  line  on  the  Windmill  Hill  Flats  and  Enropa  Flats  the 
disturbance  of  the  rocks  has  been  so  extreme  that  the  strata  have  a 
reverse  dip  and  the  shales  underlie  the  limestones  at  angles  of  from 
40°  to  b(r* 

The  neighbouring  coasts  of  Spain  seem  to  belong  to  the  same 
series  of  strata  as  those  which  overlie  the  limestone,  excepting  a  patch 
of  late  Tertiary  beds  (Crag  ?),  which  lie  close  to  the  coast  at  and  near 
Gampo.  The  rocks  of  the  opposite  coast  of  Africa  between  Oeuta  and 
Cape  Spartel  resemble  those  of  the  Spanish  coast,  and  the  rugged  and 
woody  height  of  the  opposite  Pillar  of  Hercules,  Gebel  Abyla,  is 
recognized  as  being  formed  of  limestone  of  the  same  age  as  the  Bock 
of  Gibraltar. 

I  have  said  that  the  limestone  of  Gibraltar  is  overlaid  by  shales, 
which,  however,  are  in  places  concealed  by  a  remarkable  brecciated 
conglomerate,  or  agglomerate^  as  it  is  styled  by  Mr.  James  G^eikie 
in  our  joint  memoir  on  the  '  G^logy  of  Gibraltar/  now  in  course  of 
publication.  It  is  well  seen  at  Buena  Vista  and  on  the  ground 
between  the  Mount  and  Bosia  Bay,  and  consists  of  angular  fragments 
of  limestone  of  all  sizes,  up  to  three  or  four  yards  in  diuneter, 
agglutinated  together  into  a  compact  mass,  which  very  rarely  shows 
any  traces  of  stratification.    Its  origin  seems  to  be  as  follows. 

It  is  well  known  that  during  ^e  Glacial  epoch  the  range  of  the 
Sierra  Nevada  maintained  an  independent  set  of  glaciers,  and  one  on 
a  very  small  scale  even  now  remains  in  one  of  the  higher  and  most 
shady  recesses  of  the  mountains.  In  Africa  the  range  of  the  Atlas 
also  had  its  glaciers  on  a  large  scale ;  but  it  is  impossible  to  believe 
that  a  small  isolated  boss  of  rock  like  Gibraltar  could  have  given 
birth  to  a  glacier,  even  though  the  whole  had  been  heaved  much 
higher  into  the  air  than  now. 

It  is  clear,  however,  that  when  glaciers  occupied  the  valleys  of  the 
Sierra  Nevada  and  the  range  of  the  Atlas  in  North  Africa,  the  climate 
of  Spain  must  have  been  more  severe  than  at  present,  and  the  land 
must  have  suffered  from  winter  snows  and  frosts  now  almost  un- 
known at  Gibraltar.  It  is  therefore  surmised  that,  when  the  Bock 
with  its  innumerable  joints  was  subject  to  heavy  snow&lls  and  alter- 
nating frosts  and  thaws,  angular  stones,  small  and  large,  were  split 
from  and  wedged  out  from  the  paront  mass  of  limestone  and  lodged 
on  the  steep  slopes  of  the  hill.  These,  when  thaws  became  powerfrd 
and  rain  also  fell,  being  saturated  with  the  half-melted  slush  of  snow, 
would  year  by  year  be  carried  confusedly  down  the  slopes  even  to  the 
very  foot  of  the  Bock,  beyond  which  in  places  they  now  pass  out 
beneath  the  sea. 

During  this  episode  in  the  history  of  the  Bock»  there  is  no  proof 
that  it  was  inhabited  by  Mammalia. 

*  The  lecture  was  illostiated  by  a  map  and  seotionB  showing  all  these  points 
and  much  of  what  follows. 
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After  a  time  tlie  climate  ameliorated,  probably  daring  one  of 
those  inter-glacial  episodes  which  have  been  proved  by  analyses  of  the 
ancient  glaciers  of  the  Alps  and  Britain.  Simnltaneoosly  with  this 
change  of  climate  the  Rock  and  adjoining  parts  of  Spain  were  nnited 
to  AMca  by  the  gradual  apheaval  of  the  whole  territory,  probably  of 
not  less  than  1000  feet  above  the  present  level.  The  soonduigs 
between  Cape  Plata  in  Spain,  and  Cape  Spartel  in  AMca,  show  that 
this  upheaval  would  be  sufficient  to  connect  the  opposite  continents. 
There  is  nothing  extreme  in  this  supposition,  for  similar  oscillations 
of  level  at  the  same  epoch  of  geological  history  can  be  proved  in 
many  other  regions,  ab,  for  example,  by  sea-shell  beds  in  North 
Wales  and  Lancashire  from  1200  to  1300  feet  above  the  sea,  and  by 
similar  phenomena  in  Norway,  Greenland,  and  the  far-north  islands  of 
the  Arctic  Sea. 

When  the  junction  of  the  continents  was  complete,  a  migration  of 
Mammalia  took  place  into  the  area  of  which  Gibraltar  forms  part. 
These,  for  the  most  part,  were  not  forms  such  as  inhabit  the  nortii  of 
Europe,  but  AMcan  species,  the  remains  of  which  are  found  in  fissures 
and  bone-caves  in  the  limestone  rock,  and  in  similar  cavities  in  the 
limestone  breccia.  Such  cavities  and  fissures  are  found  in  almost  all 
limestones,  and  were,  and  still  are,  being  produced  by  the  solvent 
action  of  carbonic  acid  in  rain-water  percolating  through  cracks  and 
joints.  A  list  of  those  found  in  the  Genista  Cave  has  been  printed 
in  the  'Journal  of  the  Geological  Society'  (1865),  by  Mr.  Busk  and 
the  late  Dr.  Falconer,  who  visited  the  rock  for  the  purpose  of 
investigating  the  phenomena.  It  is  unnecessary  to  repeat  the  list 
here,  but  among  other  species  there  occurs  Bhinoceros  etrusms  and 
B.  leptorhinuSj  a  horse,  the  common  pig,  and  Suspriscua^  oxen,  deer,  Ibex 
CBgocero8f  leopards,  the  African  lynx,  and  Hycma  crocuta^  now  living 
in  Africa.*  In  connection  with  this  subject,  it  is  important  to 
mention  that  many  years  ago  Mr.  Smith  of  Jordanhill,  found  a  tooth 
of  Elephas  antiquw  in  an  old  beach  at  the  south  end  of  Europa  Flats. 
In  like  manner,  on  the  coast  of  Africa,  close  to  Tangier,  while  ex- 
amining a  sea-clif^  formed  of  coralline  sands  and  gravels,  with  Mr.  J. 
Geikie  and  some  friends  from  Gibraltar,  we  found  a  molar  tooth  of 
the  same  species  sticking  in  the  jaw.  It  is  important  to  notice  that 
E,  arUiquuB  is  so  closely  allied  to  the  living  African  elephant  that  it  is 
considered  by  some  persons  to  have  been  its  ancestor,  just  as  the 
E.  primgenensy  or  mammoth,  is  by  others  surmised  to  have  been  the 
ancestor  of  the  living  Indian  elephant. 

By  and  by  there  began  a  slow  intermittent  depression  of  the  area, 
the  result  of  which  was  the  formation,  by  marine  erosion,  of  the  lime- 
stone platforms  of  WindmUl  Hill  and  Europa  Flats,  the  first  from  370 
to  390  feet,  and  the  latter  from  90  to  120  feet  above  the  present  level 
of  the  sea.     Both  are  undoubtedly  true  plam$  of  marine  denudaium^ 

*  For  the  latest  details  of  tiie  Mammalia  found  in  the  Qenista  Cave,  see 
'  Transactions  of  the  Zoological  Society/  1877,  by  George  Bosk,  F.B.S.  ^. 
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and  similar  smaller  terraces  of  erosion  occur  elsewbere  in  the  limo- 
stone  and  the  limestone  breccia.  This  gradual  sinking  of  the  land 
went  on  till  the  Bock  sank  at  least  700  feet ;  for  on  tiie  more  pre- 
cipitous east  side,  sands  with  sea-shells  occur  high  on  the  promontory, 
and  also  what  appear  to  be  numerous  minute  fragments  of  Echini.  At 
this  time  Gibraltar  was  a  little  rocky  islet,  miles  from  any  continuous 
shore ;  and  it  is  obvious  that,  under  such  circumstances,  it  could  have 
been  inhabited  by  no  large,  and  only,  possibly,  by  a  few  very  small 
maminalia. 

A  re-eleration  of  the  Rock  and  adjacent  sea-bottom  followed  the 
temporary  depression,  and  Gibraltar  may  have  been  re-united  to 
Africa,  in  which  case  a  second  migration  of  Mammalia  may  then  have 
taken  place  from  that  continent  into  Europe.  A  later  formation  of 
limestone  breccia  also  took  place ;  for,  on  a  minor  scale,  it  is  found 
overlying  the  sands  on  the  east  side  of  the  Bock. 

The  important  question  now  arises.  What  effect  had  these  various 
oscillations  of  the  relative  levels  of  the  land  on  the  history  of  the 
Mediterranean  Sea,  and  what  in  earlier  times  was  its  origin  ? 

Let  anyone  consider  Asia  and  Europe  as  a  whole,  and  he  will  find 
that  the  Black  Sea,  the  Sea  of  Marmora,  and  the  Mediterranean  lie  in 
a  western  continuation  of  the  great  area  of  inland  drainage  of  Central 
Asia,  which,  from  the  confines  of  Europe  on  the  west  shore  of  the 
Caspian  Sea,  extends  eastward  into  Asia  for  a  distance  of  about  8000 
miles.  In  this  immense  area,  the  Caspian,  the  Sea  of  Aral,  Lake 
Balkasch,  and  all  the  minor  lakes  are  salt,  with  the  exception  of  those 
lakes  from  whence  rivers  flow  into  other  lakes,  in  which  case  the 
lakes  having  outlets  are  fresh,  and  those  into  which  they  discharge 
their  waters  are  salt,  the  latter  having  no  outflowing  rivers  by  which 
to  discharge  their  surplus  waters.  The  reason  of  this  is  obvious ;  for 
all  rivers  hold  salts  in  solution,  generally  insensible  to  the  taste,  but 
appreciable  to  the  analyses  of  the  chemist ;  and,  as  lakes  which  do  not 
discharge  their  water  by  rivers  only  get  rid  of  it  by  means  of  solar 
evaporation,  the  result  is,  as  in  the  well-known  cases  of  the  Dead  Sea 
and  the  Salt  Lake  of  Utah,  that  the  salts  by  degrees  get  concentrated, 
sometimes  almost  to  the  point  of  complete  saturation. 

The  surface  of  the  .Caspian  Sea  is  88*6  feet  below  the  level  of 
the  Black  Sea,  and  its  extreme  depth  I  do  not  know,  except  that  it  is 
more  than  2000  and  less  than  6000  feet  where  deepest.  The  Black 
Sea,  which  flows  through  the  Boephorus  into  the  Sea  of  Marmora,  is 
at  least  6000  feet  deep  where  deepest,  while  the  Sea  of  Marmora, 
which  discharges  its  water  into  the  Mediterranean  through  the 
Dardanelles,  is  8360  feet  in  depth.  Beyond  this  lies  the  Mediter- 
ranean, more  than  1700  geographical  miles  in  length,  which  when 
critically  examined  with  relation  to  its  soundings,  resolves  itself  into 
three  distinct  basins  of  great  depth.  The  first,  between  the  coast  of 
Syria  and  Sicily,  is  about  1040  geographical  miles  long,  the  whole 
being  more  thiui  6000  feet  deep,  while  its  profoundest  depths  range 
from  9600  and  10,980  feet  between  Africa  and  Asia  Minor,  and 
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18,020  feet  half-way  across  the  sea  between  the  Onlf  of  Sidra  and 
the  moath  of  the  Adriatic  The  next  basin,  lying  south  of  Sicily,  is 
about  170  geographical  miles  in  length,  the  whole  being  over  2000 
feet  deep,  while  its  greatest  depth  as  given  by  Admiral  Spratt 
between  Malta  and  Pantellaria  is  4200  feet*  The  western  basin 
where  more  than  5000  feet  deep  is  about  830  miles  in  length.  Where 
deepest  near  the  AMcan  coast  opposite  the  month  of  the  river  Eebir 
the  depth  is  9162  feet,  between  Marseilles  and  Minorca  9258,  and 
between  Majorca  and  Algiers  9342  feet. 

Taking  a  sinnoos  line  of  soundings  between  Cape  Plata  in  Spain 
and  Gape  Spartel  in  AMca  as  we  open  into  the  Atlantic,  the  average 
depth,  as  given  in  the  Admiralty  chart,  is  from  600  to  780  feet  for  at 
least  thre^uarters  of  the  way,  while  the  greatest  depth  is  996  feet 

If  we  consider  the  relation  of  these  three  basins  and  their 
soundings  to  the  closing  of  the  Mediterranean  Sea  by  upheaval  into 
land  of  the  above-named  opening,  it  becomes  obvious  that  had  the 
upheaval  been  sufficient  also  to  uplift  the  comparatively  shallow  area 
between  Sicily  and  Tunis,  what  is  now  one  long  inland  sea  must  then 
have  presented  the  spectacle  of  three  salt  lakes,  comparable  in  their 
nature  to  the  Caspian,  the  Black  Sea,  and  the  Sea  of  Marmora,  the 
whole  being  then  as  now  a  mere  western  prolongation  of  the  area  of 
inland  drainage  of  Central  Asia. 

The  eastern  lake  between  the  coast  of  Syria  and  Sicily  must  have 
covered  an  area  much  more  than  twice  as  large  as  the  Caspian  Sea,  and 
south  of  the  present  coast  of  Sicily  lay  the  second  basin,  whidi,  as 
shown  by  Admiral  Spratt,  both  in  form  and  size  somewhat  resembled 
the  Sea  of  Marmora.  Like  that  sea  or  salt  lake,  it  also  comviunicated 
with  the  more  eastern  lake  by  a  narrow  gorge  1740  feet  deep  where 
shallowest,  and  comparable  to  the  Bosphorus,  through  which  the  water 
of  the  Black  Sea  flows  as  a  rapid  salt  river  into  the  Sea  of  Marmora, 
while  at  its  north-west  end,  it  communicated  by  a  long,  narrow  valley 
or  channel  with  the  great  western  basin  that  lies  between  Italy  and 
the  Straits  of  Gibraltar.  This  channel,  which  is  1272  feet  deep  where 
shallowest,  is  aptly  compared  by  Admiral  Spratt  to  the  salt  stream  of 
the  Dardanelles,  for  they  are  much  the  same  in  length  and  breadth, 
and  in  each  case  the  soundings  rapidly  deepen  outsit  their  ends. 

It  thus  appears  that  at  a  oertam  period  of  its  history,  the  Mediter- 
ranean area  of  depression  was  occupied  by  three  great  lakes  which 
communicated  with  each  other  by  narrow  river-like  channels,  and  it  may 
be  that,  though  temporarily  closed,  a  similar  gorge  for  a  time  con- 
nected the  western  lake  witii  the  Atlantic. 

Under  these  circumstances  it  is  hurd  to  say  whether  the  waters  of 
the  Mediterranean  area  were  Salter  or  fresher  than  thev  are  now. 
That  they  were  not  fresh  we  may  well  believe ;  but  if  a  nver  current 
ran  from  the  Mediterranean  into  the  Atlantic  it  may  be  that,  like  the 

*  See  Adtninl  Spratt  "On  the  Maltese  Bone-oaves,**  *  Quarterly  Journal  of 
the  Geologioal  Society,'  1867. 
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Black  Sea  now,  these  inland  Mediterranean  lakea  were  gradually 
freshening,  unless  solar  evaporation  of  these  broad  land-locked  waters 
helped  to  keep  them  salt,  or  even  to  make  them  Salter  than  the 
Atlantic  Ocean,  which  indeed  the  Mediterranean  water  is  now,  in  spite 
of  the  influx  of  such  great  rivers  as  the  Don,  the  Dnieper,  the  Danube, 
the  Nile,  the  Po,  the  Bhone,  and  the  Ebro.  The  freshening  effect 
of  these  is  more  than  neutrtJisEcd  by  the  mighty  riyer-like  rush  of 
Atlantic  water  which  flows  through  the  Straits  of  Gibraltar,  and  is 
due  to  the  immense  amount  of  eyaporation  that  is  constantly  going 
on  from  the  surface  of  the  great  continental  sea.  These  things 
combined  have  tended  to  make  the  present  Mediterranean  some- 
what more  salt  than  the  Atlantic,  for  the  latter  contains  2-673  of 
common  salt  by  weight  in  100  parts  of  water  according  to  Bischofi^ 
while  according  to  William  Bamsay  the  Mediterranean  contains 
2*  946  grains,  and  the  proportion  of  pure  water  in  the  Atlantic  to  all 
the  substances  in  solution  is  greater  by  *243  than  in  tiie  Mediter- 
ranean. 

Such  is  a  brief  account  of  the  past  history  and  of  the  present  state 
of  the  Mediterranean  area,  but  something  remains  to  be  said  respecting 
the  origin  of  the  great  basin  in  which  its  waters  lie. 

When  we  examine  a  geological  map  of  Europe  and  the  north 
coast  of  Africa,  one  important  feature  is,  that  the  Mediterranean  area 
on  the  north  side  of  the  sea  consists  to  a  great  extent  of  Miocene  and 
Pliocene  strata,  and  the  same  is  the  case  with  the  Sea  of  Marmora, 
the  Black  Sea,  the  Crimea,  the  Sea  of  Assof,  and  part  of  the  west 
coast  of  the  Caspian.  Where  PHocene  beds  form  the  coasts  they 
often  merely  conceal  Miocene  strata  that  underlie  thenu  In  like 
manner  the  Balearic  Islands,  Corsica  and  Sardinia,  Ooso  and  Malta, 
contain  Miocene  strata,  Malta  and  Gozo  being  entirely  formed  of 
these,  as  shown  in  the  map  by  Admiral  Spratt  and  Jjord  Ducie. 
Candia  and  Greece  are  partly  formed  of  the  same  kind  of  rocks.  In 
like  manner  the  north  of  Africa  at  and  near  the  sea  between  Tunis 
and  Tangier  largely  consLsts  of  Miocene  strata,  forming  part  of  the 
mountain  district  south  of  Oran  and  Algiers,  and  extending  to  the 
flanks  of  the  farther  Atlas. 

Considering  that  on  the  mainland  of  the  Mediterranean  region 
the  Miocene  strata  are  fragmentary,  and  also  that  the  same  is  the 
■  duse  in  the  islands,  it  is,  pernaps,  not  too  much  to  assume  that  a  very 
great  part  of  that  area  was  once  occupied  by  Miocene  rocks,  which, 
before  the  Mediterranean  came  into  existence,  formed  a  Ions  and  broad 
land,  of  which  Malta  and  parts  of  other  Mediterranean  islaxuls  are  frag- 
ments. By  and  by  a  gradual  sinking  of  this  vast  area  began,  probably 
simultaneously  with  that  of  the  subsidence  of  the  Asiatic  area  of 
inland  drainage  (first  described  by  Pallas),  of  which,  as  already  stated, 
tiie  Mediterranean  area  is  a  westran  prolongation. 

It  is  now  a  widely  accepted  canon  in  geology,  that  when  on  a 
great  scale  one  part  of  the  snrfiMse  of  the  earth  is  depressed,  other 
portions  often  more  or  less  parallel  to  the  area  of  depieesion  are 
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apheftved,  and  ^eae  graieral  effects  being  dad  to  Bhrinkage  of  the 
earth's  crost,  mountain  chains  have  been  formed  at  varions  periods 
throughout  all  geological  time.  It  is  for  this  reason  that  the  strata 
of  all  great  mountain  chains  are  contorted,  the  beds,  once  horizontal, 
being  by  lateral  pressure  forced  into  a  smaller  space  than  they 
origmally  occupied  when  flat.  I  must  add  that  all  mountain  chains 
of  which  I  haye  any  knowledge,  personal  or  acquired  by  reading, 
are  the  result  of  several  such  shrinkages  and  upheavals. 

It  is  a  fact  well  known  to  geologists,  that  after  the  dose  of  the 
Eocene  or  Lower  Tertiary  epoch,  the  Pyrenees,  and  ihe  Alps  and  Car- 
pathian mountains  underwent  one  of  those  last  and  greatest  upheavals, 
which  ihea  raised  them  into  mountain  chains  of  the  first  European 
magnitude.  At  the  same  period  the  Apennines,  and  the  mountains 
east  of  the  Adriatic  and  Ionian  seas  were  elevated,  together  with  the 
Caucasus  and  other  mountain  tracts,  needless  to  name  in  this  abstract 
Till  this  elevation  took  place,  what  we  now  call  Europe  had  but 
little  resemblance  to  our  modem  continent,  and  it  was  after  the  eleva- 
tion of  these  mountain  chains  that  ihe  Miocene  strata  of  Europe  were 
deposited  in  seas  and  at  intervals  in  lakes  that  washed  the  bases  of 
the  mountains. 

The  Miocene  epoch  of  our  European  area  was  a  period  of  repose, 
excepting  &e  occurrence  here  and  there  of  ordinary  volcanic  pheno- 
mena, accompanied  by  minor  oscillations  of  the  level  of  land  in 
relation  to  the  sea,  as,  for  example,  in  Switzerland,  where  the  Miocene 
strata  consist  of  alternations  of  marine  and  lacustrine  strata.  But  at 
the  dose  of  this  epoch,  or  rather  what  brought  it  to  an  end  in  the 
area  under  review,  a  renewed  upheaval  took  place  of  the  Alps,  the 
Pyrenees,  the  Caucasus,  and  other  mountain  ranges  already  named. 
So  important  was  this  event,  that  the  thick  flat-lying  consolidated 
Miocene  rocks  tiiat  flanked  tiie  bases  of  the  older  Alps,  wero  with 
these  mountains  heaved  thousands  of  feet  above  their  former  leveL 
Most  Swiss  tourists  know  the  minor  mountains  on  the  north  side  of 
the  Alps,  one  of  these  being  the  Bighi,  the  summit  of  which  is 
6919  feet  high ;  and  in  older  times  these  hills  must  have  been  much 
higher,  considering  the  great  denudations  they  have  suffered  during 
long  geological  ages. 

The  same  kind  of  minor  Miocene  hills  adhere  to  the  Pyrenees 
and  the  Caucasus,  and  also  in  other  regions  already  named,  in- 
cluding the  Atlas  south  of  &e  Mediterranean ;  and  indeed  they  are 
equally  applicable  to  the  Himalayan  range,  which,  after  a  prodigious 
upheaval  in  post-Eocene  times,  underwent,  like  the  Alps,  a  post- 
Miocene  elevation  of  great  amount,  as  witnessed  by  the  Sewalik  hills 
on  the  southern  flanks  of  the  mountains. 

The  cause,  or  rather  the  complement,  of  these  last  important 
elevations  seems  to  me  to  have  been  the  gradual  sinking  of  the  great 
area  of  inland  drainage,  by  which,  accor£ng  to  Pallas,  an  old  Amaiio 
Mediterranean  was  formed,  the  approximate  limits  of  which  from  the 
Black  and  Caspian  seas  eastward,  have  in  later  days  been  insisted  cm 
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by  Sir  Boderiok  Mnrchison,  in  his  work  on  '  Bnssia  and  the  Ural 
Mountains,'  In  like  manner,  in  my  opinion,  the  gradual  sinking  of 
the  Medit^^rranean  region  by  degrees  produced  a  vast  inland  sea, 
united  to  part  at  least  of  that  of  Asia.  Even  the  European  and 
African  part  of  that  sea  was  for  a  time  much  more  eztensiYe  than  the 
present  Mediterranean,  as  witnessed  not  only  by  the  fossil  moUusca 
of  the  Sahara,  which  are  of  Mediterranean  species,  but  also  by  other 
marine  Pliocene  strata  high  above  the  level  of  the  sea  on  the  southern 
coasts  of  Earope.  One  important  result  of  this  great  subsidence  was 
to  produce  those  deep  basins,  which  subsequently  passed  through  the 
various  physical  phases  described  in  this  lecture. 

To  sum  up  the  subject : — 

1.  What  is  now  the  Mediterranean  area,  in  old  times  consisted  of 
a  wide  land  surface  chiefly  formed  of  Miocene  strata. 

2.  The  Alps,  the  Pyrenees,  the  Atlas,  and  other  mountain  chains, 
underwent  renewed  upheaval,  accompanied  by  contemporaneous  de« 
pression  of  the  Mediterranean  area.    This  closed  our  Miocene  epoch. 

3.  The  greatest  extent  of  the  Mediterranean  Sea  was  in  the 
Pliocene  epoch. 

4L.  Partial  elevation  of  the  mouth  of  the  Mediterranean,  and  pro- 
bably of  the  ground  between  Sicily  and  Africa,  permitted  the  migration 
of  African  mammals  into  Europe  at  a  time  or  times  when  the  inner 
parts  of  that  sea  formed  three  great  and  deep  salt  lakes,  in  what  then 
was  and  still  is  a  western  continuation  of  the  great  Asiatic  area  of 
inland  drainage. 

In  conclusion,  let  me  remark,  that  in  the  study  of  physical  geo- 
graphy it  is  by  no  means  suf&cient  merely  to  indicate  outside  forms, 
such  as  the  positions,  heights,  and  ouer  obvious  characters  of 
mountain  ranges,  the  extent  of  table-lands  and  plains,  and  of  lakes 
and  rivers,  great  and  small.  The  mere  physiography  of  an  area  is 
not  enough  to  know.  It  is  not  enough  to  say  that  things  are  thus 
and  thus.  Why  are  they  so  ?  is  a  question  that  must  always  recur 
to  the  philosophic  mind.  G^logy  lies  at  the  base  of  almost  all 
modem  researches  in  Physical  Geography,  and  by  means  of  geological 
data  we  can  alone  struggle  to  explEdn  the  origin  and  nature  of  the 
complicated  events  that  produced  every  feature,  large  and  small,  of 
every  part  of  the  outside  world.  Till  this  in  the  far  future  is  accom- 
plished, though  we  may  have  able  sketches,  the  actual  details  of  the 
physiod  geography  of  the  world  cannot  be  perfectly  undc^tood. 
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WEEKLY  EYENINO  MEETINO, 

Friday,  May  81, 1878. 

GiOBOB  Buss,  Esq.  F.B£.  Treasurer  and  Yioe-PreBident, 
in  the  Qhair. 

WlLUAM  HSKBT  FlOWKB,  F^S. 

BUmUAl  FSOmSOB  OV  OOMFAmATTrB  AVAIOMT  AVO  OOnSSTATOB  OV  THB  MVSnni  OV  IHS 
BOTAL  OOLLIGB  OT  SUBOBOHS  OF  BMLAXD. 

Tft€  Naiive  Baces  of  the  Pacific  Ocean. 

Tee  region  of  the  world  treated  of  in  the  present  leotnre  is  that 
known  to  ceosraphors  as  Ookania,  or  Ooiahioa,  consisting  of  a  vast 
nmnher  of  uduids  of  various  sizes,  from  Australia  downwards, 
scattered  throughout  the  great  ocean  tract  bounded  east  and  west  by 
the  continents  of  America  and  Asia. 

The  inhabitants  of  these  islands  offer  many  advantages  for  the  com* 
menoement  of  a  study  of  physical  anthropology,  and  for  an  ezpositicMi 
of  the  principles  of  the  science.  We  shall  find  that  they  present  great 
diversity ;  some  of  the  widest  contrasts  to  be  met  with  in  the  human 
species  are  to  be  found  among  them.  We  shall  also  find  in  this  area 
some  of  the  lowest  existing  types  of  mankind,  affording  material  for 
studying  the  most  extreme  deviation  known  from  the  highest  race,  as 
exempted  in  the  European.  Lastly,  the  comparative  isolation  in 
which  the  greater  number  of  these  islands  have  remained  for  count- 
less generations,  lying  hidden  in  their  ocean  solitudes,  far  away  from 
the  track  of  commerce  and  civilization,  has  caused  their  inhabitants 
to  develop  and  retain  distinctive  characteristics  more  sharply  defined 
than  those  of  other  regions  of  the  world,  where  constant  inter- 
communication has  resulted  in  infinite  and  intricate  blendings  of 
primitive  races,  and  but  partial  and  imperfect  evolutions  of  new 
ones. 

The  people  of  these  islands  will  be  treated  of  here  munly  from 
an  anatomical  point  of  view,  and  in  great  measure  from  observations 
made  upon  such  portions  of  their  bodily  frame  (chiefly  crania)  as  are 
preserved  in  the  collection  under  my  charge.  But  it  must  be 
observed  in  limine^  that  this  collection,  as  with  all  others  yet 
formed,  large  as  it  may  appear  to  the  uninitiatod  in  the  difficulties 
of  craniology,  is  wholly  inisufficient  for  the  purpose  of  constructing 
a  classification  of  mankind,  founded  on  physicsJ  structure.    It  can 
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onlj  afford  oertoin  indications,  valuable  as  far  as  they  go^  from  whidi^ 
a  proyisional  or  approximatire  system  may  be  baUt  up.  Very  many, 
indeed  the  majority,  of  the  ishuids  are  totally  nnrepresented  in  it ; 
others  are  illustrated  by  only  one  or  two  individnids.  Far  larger 
oollections,  and  far  more  systematic  and  minute  observations,  t£m 
have  yet  been  made,  are  reqnired  before  the  natural  history  of  man 
in  this  region  can  be  worked  oat  in  any  detaiL  The  results  obtained 
at  present  are  however  sufficient  to  encourage  us  to  persevere,  and  to 
vindicate  the  study  of  anatomical  oharaotera,  especially  those  of  the 
skull,  as  a  basis  for  a  natural  classification,  from  the  disrespect  into 
which  it  has  fallen,  on  account  of  the  failure  of  tentative  sptems  of 
craniology,  founded  on  fskr  too  imperfect  materials,  and  too  imperfect 
use  of  those  materials* 

I  will  begin  by  speaking  of  the  great  continental  island,  as  it  may 
be  called,  of  Australia,  which  when  discovered  by  Europeans  was 
inhabited  throughout  by  a  race,  distinct  in  the  totality  of  its  characters 
from  any  known  to  exist  in  any  other  part  of  the  world.  It  will  be 
convenient  to  consider  this  race  first,  partly  because  the  materials  at 
my  disposal  for  its  investigation  are  more  abundant  and  more  com- 
plete than  in  the  case  of  any  other  of  the  races  of  the  Oceanic  area, 
and  partly  because  a  comparison  of  its  characters  with  those  of  the 
best  known  race  (that  to  which  we  ourselves  belong,  and  which  is 
conmionly  taken  as  &e  standard  in  works  on  human  anatomy)  will 
afford  a  good  idea  both  of  the  kind  and  the  degree  of  variation  to  be 
met  with  between  one  of  the  lowest  and  one  of  the  highest  groups  of 
mankind,  and  we  shall  at  the  same  time  be  able  to  appreciate  whether, 
and  if  so,  to  what  extent,  any  approximation  is  made  by  the  former 
towards  any  still  lower  types  of  animal  organisation. 

Although  the  northern  coast  of  Anstralia  had  previously  been 
seen  by  Spanish  and  Portuguese  navigators  (as  by  Torres  in  1606), 
the  first  rencontre  of  any  European  with  the  native  inhabitants 
appears  to  have  been  that  of  Abel  Tasman,  the  celebrated  Dutch 
seaman,  who  in  1644  was  sent  out  by  Van  Dieman,  governor  of  the 
possessions  of  Holland  in  the  East  Indies,  on  his  second  voyage  of 
discovery.  The  part  which  he  visited  (and  to  which  he  gave  the 
name  of  New  Holland)  was  &e  north-west  coast|  and  he  describes 
the  natives  as  naked,  black,  and  curly-haired. 

The  earliest  description  of  the  aborigines  of  Australia  by  any 
Englishman  is  that  of  Dampier,  who  in  lus  first  adventurous  voyage 
round  the  world  stayed  on  the  north-west  coast,  not  very  hx  from  the 
spot  visited  by  Tasman,  from  January  4th  to  March  12th,  1688.  He 
has  left  us  a  tolerably  fiill  account  of  the  inhabitants,  which,  al&ough 
presenting  some  discrepancies  from  those  of  more  modem  travellers^ 
is  valuable,  and  probably  on  the  whole  trustworthy.  ''The  inha- 
bitants of  Uie  country,"  he  says,*  ''are  the  raiserablest  people  in  the 

*  'A  Kew  Voyage  round  the  World/  by  Captain  William  Dunpier.    Sixth 
edition,  1717,  vol.  i.  p.  4(»4. 
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world*  The  HodmadodM  [Hottentots]  of  MonomaiapOj  thongh  a  nasty 
people,  yet  for  wealth  are  gentlemen  to  these ;  who  have  no  houses 
and  skin  garments,  sheep,  poultry,  and  fraits  of  the  earth,  ostrich 
eggs,  &c.,  as  the  Hodmadods  haye.  And  setting  aside  their  hnmane 
shape,  they  differ  but  little  from  brutes.  They  are  tall,  strait-bodied, 
and  Uiin,  with  small,  long  limbs.  They  have  great  heads,  roand 
foreheads,  and  great  brows.  They  have  great  bottle  noses,  pretty  full 
lips,  and  wide  mouths.  The  two  fdre-teeth  of  their  upper-jaw  are 
wanting  in  all  of  them,  men  and  women,  old  and  young ;  whether 
they  diaw  them  out  I  know  not.  Neither  have  they  any  beards. 
They  are  long-yizaged,  and  of  a  very  onpleasing  aspect,  having  no 
one  graceful  feature  in  their  faoes.  Their  hair  is  black,  short,  and 
curl'd,  like  that  of  the  Negroes ;  and  not  long  and  lank,  like  the 
common  Indiana.  The  colour  of  their  skins,  both  of  their  &oes  and 
the  rest  of  their  body,  is  black,  like  that  of  the  Negroes  of  Guinea, 
They  hare  no  sort  of  deaths,  but  a  piece  of  the  rind  of  a  tree  ty'd 
like  a  girdle  about  their  waists,  and  a  handful  of  long  grass,  or  three 
or  four  small  green  boughs  full  of  leaves,  thrust  under  their  girdle 
to  cover  their  nakedness.  They  have  no  houses,  but  lie  in  the  open 
air,  without  any  covering;  the  earth  being  their  bed,  and  the 
heavens  their  canopy.  Their  only  food  is  a  small  sort  of  fish, 
which  they  get  by  making  wares  of  stone  across  little  coves,  or 
branches  of  Qie  sea.  In  oUier  places  they  seek  for  cockles,  mussels, 
periwindes,"  &c.  He  describes  their  weapons  as  wooden  swords  and 
lances.  *^The  sword  is  a  piece  of  wood  shaped  somewhat  like  a 
cutlass,"  probably  a  boomerang.  It  is  satisfactory  to  note  that  the 
relations  of  Dampier  and  his  companions  with  the  natives,  both  on 
this  and  his  second  visit  to  Australia  at  Shark's  Bay,  eleven  years 
later,  were  perfectly  amicable,  or  at  aU  events  unattended  by  any 
serious  disi^preement  or  casualty  on  either  side,  a  sudden  and 
vigorous  beating  of  the  drum  b^g  sufficient  to  scare  them  away 
on  one  occasion  when  they  had  become  troublesome  and  even 
threatening. 

The  next  visit  of  an  Englishman  to  Australia  was  one  which  led 
to  far  more  memorable  consequences.  It  was  that  of  Captain  Cook, 
who,  on  his  first  voyage  round  the  world,  after  sailing  westward  from 
New  Zealand,  reached  the  coast  of  '^  New  South  Wales,"  as  he  named 
it,  near  Cape  Howe,  on  the  19th  of  April,  1770,  and  sailing  north- 
wards, explored  the  whole  east  coast  to  Cape  York  in  Torres  Straits. 
His  first  sight  of  the  natives,  on  April  27th,  is  described  at  page  489, 
and  his  first  landing,  on  the  following  day,  at  page  492  of  the  great 
navigator's  deeply  interesting  narrative.  Bead  by  the  light  of  sub- 
sequent events,  the  gallant  though  unsuccessful  defence  of  their 
native  land  by  two  naked  savages  against  a  boat's  crew  of  forty  aimed 
men  must  excite  our  sympathy.  Certainly  no  more  critical  event  has 
ever  occurred  in  the  history  of  any  nation,  nor  combat  ever  fought 
attend^  with  such  momentous  consequences,  to  one  at  least  of  the 
races  engaged,  as  that  which  took  place  in  Botany  Bay  on  April  28th, 
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1770.  On  that  day  the  fate  of  the  Australian  race,  which  had  been 
for  nntold  ages  in  undisturbed  possession  of  their  native  soil,  was 
sealed.  Cook's  discovery  led  to  the  settlement  of  the  country  by  the 
English.  The  settlement  of  the  country  by  the  English  means  the 
inevitable  annihilation  of  the  aboriginal  race. 

Oook  afterwards  saw  more  of  the  natives  of  the  northern  part  of 
Australia  ^now  Queensland)  during  his  enforced  stay  in  ^  Endeavour 
Bay,"  and  nas  left  us  a  detailed  account  of  their  physical  characterSi 
condition,  and  customs,*  which,  as  in  the  case  of  fdl  other  descrip- 
tions given  by  the  illustrious  navigator,  subsequent  observation  has 
fully  corroborated,  and  which  will  be  incorporated  with  what  I  shall 
have  to  say  on  these  subjects  presently. 

The  whole  of  the  habitable  part  of  the  great  land  tract,  2400  miles 
from  east  to  west,  and  nearly  2000  from  north  to  south,  when  first 
explored  by  Europeans  was  found  to  be  occupied,  though  very  sparsely, 
by  people  having  a  remarkable  general  similarity  in  physicMil  cha- 
racters, language,  and  customs,  though  whether  they  are  all  to  be 
considered  as  belonging  to  one  race,  or  whether,  as  some  suppose, 
they  result  from  the  blending  of  two  originally  distinct  races,  it  is 
not  easy  upon  the  present  evidence  to  decide.  The  latter  theory 
certainly  has  the  merit  of  reconciling  the  discrepancies  between  the 
accounts  of  different  observers.  It  will  be  reverted  to  in  speaking  of 
their  physical  characters. 

The  geographical  position  of  the  country  has  isolated  them  in  a 
remarkable  manner,  probably  for  long  ages,  from  all  the  rest  of  the 
world ;  except  for  a  little  infusion  of  Papuan  and  Malay  influence  on 
the  north  coast,  all  the  civilization  they  possess  is  undoubtedly  their 
own.  This  isolation  must  be  taken  into  account,  in  considering  their 
social  condition,  as  an  index  of  their  real  elevation  in  the  scale  of 
humanity ;  for  as  with  individuals  so  with  nations,  those  naturally 
of  inferior  endowments  may,  by  the  influence  of  educated  and  civilized 
neighbours,  appear  superior  to  others  who  have  not  had  these  ad- 
vantages. Although,  as  will  be  shown  hereafter,  the  anatomical 
structure  of  the  Australian,  as  compared  with  that  of  the  European, 
shows  signs  of  degradation,  yet,  in  some  respects,  he  is  not  below, 
but,  perhaps,  rather  above,  some  African  negroes,  who  may  greatly 
surpass  him  in  knowledge  of  the  arts,  in  social  customs,  and  other 
conditions,  by  which  rektive  superiority  of  race  is  usually  tested. 
But  then  the  Africans  have  been  living  from  time  immemorial  in 
contact  with  more  highly  educated  races. 

However  this  may  be,  it  is  certainly  true  that  there  is  nowhere 
existing  at  present  any  large  group  of  human  beings,  the  inhabitants 
in  &ct  of  a  whole  continent,  so  totally  removed  from  what  we  call 
civilization,  as  were  the  Australians  when  first  discovered;  as  the 
following  short  summary  of  their  condition  will  show : — 

Of  clothing  the  majority  had  none,  being  like  those  described  by 

*  Op  oit,  p.  631,  et  aeq. 
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Cook,  abflolaiely  naked,  both  sexes  alike.  Some,  however,  wore  a 
girdle  or  band  of  bark,  leaves,  or  skin,  and  others  a  short  cloak,  made 
of  kangaroo  skin,  thrown  over  the  shoulders.  Yet  they  were  not 
destitute  of  the  idea  of  personal  adornment,  daubs  of  red  or  yellow 
ochre  mixed  with  grease  on  the  body,  a  stick  or  a  bone  stuck  through  the 
septum  of  the  nose,  and  feathers  in  tiie  hair  were  indispensable  to  the  full 
dross  at  least  of  the  men.  They  had  no  fixed  dwelling-places,  but  moved 
about  from  spot  to  spot  as  indination  or  necessity  compelled,  erecting 
temporary  shelters  of  the  most  primitive  and  unstable  character,  of 
boughs  of  trees,  or  pieces  of  bark.  Some  (as  those  described  by 
Dampier)  appear  to  have  made  no  habitations  of  any  kind.  Their 
bark  or  log  canoes  were  of  the  roughest  and  most  simple  construction, 
though  in  this,  as  in  some  other  respects,  an  improvement  is  observed 
near  Gape  York,  doubtless  under  Papuan  influence.  They  had  no 
bows  and  arrows,  their  arms  being  spears,  lances,  and  shields,  and 
two  remarkable  and  ingenious  weapons  peculiar,  or  nearly  so,  to  diem- 
selves,  and  almost  universally  distributed  throughout  the  country,  the 
boomerang  or  the  **  wummera,"  or  throwing  stick.  With  the  aid  of 
the  latter  in  propelling  their  lances,  '<  at  fifty  y«rds,"  Captain  Cook 
says,  "  they  were  more  sure  of  their  mark  than  we  were  with  a  single 
bidlet."  They  had  no  metals  and  no  kind  of  pottery  for  domestic  use. 
The  only  vessels  that  they  had  for  holding  water  were  curved  pieces 
of  bark,  or,  in  some  districts,  the  skulls  of  their  deceased  relatives. 
They  knew,  however,  how  to  manufiicture  knives  of  flint  and  shells, 
axes  of  stone,  and  cord  and  nets  out  of  native  grass.  Their  cookery 
was  of  the  rudest  kind,  as  they  had  no  vessels  in  which  they  could 
boil  water.  Their  food  consisted  of  the  flesh  of  kangaroos  and  other 
marsupial  and  rodent  mammals,  fish,  molluscs,  crabs,  snakes,  lizards, 
wild  seeds,  roots,  and  fruits.  They  made  no  sort  of  attempt  at  culti- 
vation of  the  ground,  and  possessed  no  domestic  animal,  except  the 
half  wild  dingo,  or  native  dog.  Cannibalism,  though  occasional,  was 
not  so  univeorsal  a  custom  as  with  many  other  races  higher  in  the 
social  scale,  as  the  New  Zealanders  and  F\ji  islanders. 

They  were  divided  into  numerous  small  tribes,  each  composed  of  • 
varying  number  of  individuals  (from  fifteen  to  three  hundred  or  more), 
which  were  constantly  at  war  with  each  other.  They  acknowledged 
no  hereditary  or  fonnally  elected  chiefs,  but  had  several  curious  and 
complicated  social  customs,  of  which  those  relating  to  the  initiation 
into  manhood,  and  others  designed  to  prevent  the  intermarrying  of 
near  relation^,  are  the  best  known.  They  possessed  nothing  resembling 
writing,  but  native  drawings  have  been  discovered,  which  (as  in  the 
case  of  many  others  of  the  least  elevated  of  mankind)  show  somo 
power  of  representing  graphically  the  forms  of  men  and  animals. 
Though  every  tribe  spoke  its  own  dialect,  all  the  languages  of 
the  continent  are  said  to  have  possessed  closely  affined  conunon 
characters. 

It  will  be  seen  from  this  summary  that  the  Australian  of  the 
present  day  is  on  an  immeasurably  lower  level  of  civilization  than  the 
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Britons  were,  even  as  far  back  as  the  neolithic  period,  ages  before  the 
invasion  of  Oaasar,  as  there  is  fetirly  good  evidence  that  the  country 
^was  then  inhabited  by  a  tolerably  large  population,  divided  into 
tribes,  and  living  principally  on  their  flocks  and  herds,  acquainted 
with  agriculture,  and  supplementins  their  food  by  hunting  and 
fishing.  They  were  acquainted  wiCh  uie  arts  of  spinning  and  making 
pottery,  and  with  mining,  and  exchanged  their  commodities  by  barter. 
They  were  possessed  of  boats,  in  which  they  could  make  voyages  from 
France  to  Britain  or  from  Britain  to  Ireland.  They  reverenced 
their  dead  by  erecting  tombs,  and  they  worshipped  the  Great  Unknown 
in  those  rude  temples  which  astonidi  us  on  the  lonely  moor,  or  the 
swelling  chalk  down,  or  within  reach  of  the  sound  of  the  waves  on  the 
sei^shore."* 

I  do  not  propose  to  enter  into  the  question  of  the  moral  and  in- 
tellectual character  of  these  or  of  the  other  people  of  whom  I  shall 
have  to  speak,  as  there  is  no  subject  upon  which  it  is  so  difficult  to 
obtain  satisfactory  evidence  or  to  draw  just  conclusions.  It  is  hard 
enough  to  do  so  with  people  about  whom  we  have  ample  means  of 
judgmg,  but  to  attempt  it  with  savages,  whose  language  is  imperfectly 
understood,  and  whose  ideas  and  notions  are  most  difficult  to  appre- 
ciate, would  lead  me  far  beyond  the  scope  of  the  subject  I  have 
undertaken ;  so  I  will  pass  at  once  to  the  physical  characters  of  the 
race. 

Although  there  are  many  general  traits  common  to  all  Australians, 
yet,  as  indicated  above,  it  is  by  no  means  certain  that  they  are  such  a 
homogeneous  people  as  has  been  often  supposed.  Topinurd,  who  has 
made  a  carefiQ  summary  of  the  descriptions  of  various  travellers,! 
thinks  that  he  can  distinguish  two  races,  which,  either  pure  or  mixed 
in  various  proportions,  constitute  the  various  tribes  now,  or  recently, 
inhabiting  the  continent. 

1.  The  finer  race,  taller  and  lighter  coloured  (chocolate  or 
coppery),  with  straight  or  wavy  hair,  inhabiting  the  elevated  pkins  of 
the  whole  of  the  interior,  and  reaching  the  coast  at  Queensland,  and 
to  the  north.  These  are  the  people  described  by  Cook  at  Endeavour 
Bay. 

2.  The  lower  race,  necroid,  black,  and  small,  with  woolly  hair, 
and  more  prognathous.  They  are  met  with  chiefly  on  the  coast  at 
various  parts,  as  on  the  north-west  (Dampier),  King  George's  Sound, 
and  the  neighbourhood  of  Sydney.  These,  Topinard  considers  the 
primitive  inhabitants  of  the  land ;  they  are  now  becoming  extinct,  by 
absorption  into  the  other,  the  invading  race,  and  by  the  encroachments 
of  the  latter  and  of  European  settlers.  He  thinks,  moreover,  that  he 
can  distinguish  two  types  of  Australian  crania ;  but  these  have  not 
been  associated  hitherto  with  the  other  characters,  as  unfortunately 
the  larger  number  of  osteological  specimens  in  our  Museums  have 


•  *  Rlinburgh  Review,'  April  1878,  No.  302,  p.  44a 
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no  indication  of  the  tribe,  or  of  the  external  appearance  of  the  indi- 
▼idoal,  to  which  &ey  belonged. 

Under  these  circrnnstanoes,  it  is  necessary  at  present  to  treat  them 
all  as  belonging  to  one  race,  trusting  to  fotore  and  more  careful  obser- 
yations  to  discriminate  between  the  different  branches  into  which  it 
may  have  become  divided,  or  perhaps  the  different  roots  from  which 
it  may  have  sprang. 

With  regud  to  the  stature  of  the  Australians,  we  have  really  no 
very  precise  information ;  travellers  almost  always  trusting  to  some- 
what vague  impressions,  instead  of  actual  measurements.  Stanbridge, 
however,  gives  the  average  of  men  of  Victoria  as  6  feet  5^  inches. 
As  facts  contributing  to  a  knowledge  of  this  subject,  I  may  mention 
that  the  height  of  four  adult  male  skeletons  now  in  England  are 
respectively,  1.  (Middlesex  Hospital)  5  feet;  2.  (Cambridge  Uni- 
versity) 6  feet  4  inches;  8.  (Cambridge  University)  6  feet;  4. 
(Barnard  Davis  collection)  6  feet  1  inch ;  and  four  in  the  Blumen- 
bach  collection  at  Gottingen,  are  according  to  Dr.  J.  W.  Spengel, 
respectively  6  feet  8  inches,  5  feet  6  inches,  5  feet  8  inches,  and 
6  feet  8  inches,  giving  an  average  of  6  feet  8  inches  for  the  eight 
males.  Three  female  skeletons,  two  in  the  museum  of  the  Boyal 
College  of  Surgeons,  and  one  at  Haslar  Hospital,  are  respectively 
6  feet  2  inches,  4  feet  11  inches,  and  4  feet  11  inches.  These  numbers 
are  of  course  quite  insufficient  to  give  the  true  average  of  the  race,  but 
I  think  that  we  may  infer  from  them,  that  the  general  height  is 
somewhat  less  than  that  of  Englishmen,  whose  average,  as  ascertained 
by  the  very  careful  observations  of  Dr.  Beddoe,  is  not  very  far  from 
6  feet  6i  inches.* 

The  colour  of  the  skin  presents  various  shades  of  darkness,  never 
really  black,  but  more  usually  of  a  dark  brown  or  chocolate  colour. 
The  hair  is  always  black,  though  often  artificially  discoloured  by 
lime  or  ochre.  It  is  greatly  developed  upon  the  Bcalp,  face,  breast, 
shoulders,  and  arms ;  l£e  men  being  nearly  always  full-bearded.  The 
hair  on  the  head  has  neither  the  stS;  lank  character  of  the  Mongolian 
and  American  races,  nor  (unless  in  exceptional  cases,  as  those  described 
by  Dampier,  indicating  mixture  of  other  races)  the  frizzly  or 
"woolly"  character  of  the  negro  or  Melanesian  ;  but  is  fine,  silky,  and 
slightiy  curled  or  wavy.  When  allowed  to  grow  long,  it  commonly 
hangs  on  the  head  in  tangled,  shaggy  masses.  As  in  general  appear- 
ance, so  in  microscopic  section,  it  is  intermediate  between  the  two 
extreme  forms  mentioned  above,  having  neither  the  nearly  cylindrical 
form  of  the  lank-haired  races,  nor  the  flattening  of  the  frizzly-haired 
groups  of  men.  It  is,  in  fact,  very  similar  in  size  and  form  to  that  of 
many  Europeans. 

The  figure  of  the  Australian  is  variously  described  by  diffar«it 
travellers ;  but  the  limbs,  especially  the  legs,  are  generally  said  to  be 

•    *  **  On  the  Stature  and  Bulk  of  Man  in  the  Brituh  Isles."    *  Mem.  AnthropL 
Soc.  Lend.'  vol.  iii.  1870. 
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slender,  and  the  head  appears  disproportionately  large.  In  fiiot,  as 
will  be  shown  presently,  though  the  cerebral  cavity  is  small,  the  oat- 
line  of  the  bony  framework  of  the  head  is  large  and  long,  and  the 
overhanging  brows,  profusion  of  shaggy  hair,  and  luxuriant  beard, 
heighten  the  effect  of  size. 

Jndging  from  descriptions,  and  numerous  photographs  which  I 
have  seen,  there  is  a  type  of  countenance  common  to,  and  very  dis- 
tinctive of,  all  Australian  natives.  In  the  album  of  the  Anthropo- 
logical Institute,  there  are  excellent  photographs  of  upwards  of  fifty 
natives  of  hoQi  sexes  and  different  ages,  which  present  a  remarkable 
family  likeness.  It  is  true  that,  though  from  various  tribes,  these  are  all 
from  one  district,  near  Melbourne ;  but  others  from  New  South  Wales, 
and  from  North  Australia,  show  the  same  common  characters,  and  the 
general  resemblance  of  the  facial  portion  of  the  skulls  indicates  a 
general  prevalence  of  similar  and  strongly  marked  features.  These  are 
as  follows : — The  head  is  narrow  and  long  behind  the  ears.  The  eyes 
(which  are  said  to  be  bright  and  sparkling)  are  sunk  beneath  very  heavy 
and  prominent  brows.  The  nose  is  short,  not  prominent,  but  very  wide, 
its  width  at  the  lower  end  equalling  its  height,  and  being  about 
one-third  of  the  whole  width  of  the  face.  The  upper  part  of  the 
dorsum  is  deeply  sunk  under  the  projecting  forehead,  there  being  no 
prominence  of  the  *^  bridge  ";  the  dorsum  seen  in  profile  is  straight  or 
slightly  rounded.  The  apex  is  thick  and  round,  the  nostrils  dilated, 
their  plane  directed  downwards,  outwards,  and  forwards.  The  mouth 
is  very  wide ;  the  lips  thick  and  projecting,  though  by  no  means  to 
the  extent  observed  in  most  African  negroes.  The  degree  of  progna- 
thism varies,  as  will  be  seen  when  spea^g  of  the  cranium*  The  chin 
is  usually  smalL 

No  part  of  the  organization  offers  such  definite  characters  for 
description,  analysis,  and  comparison  as  the  skeleton.  The  bones  are 
nearly  imperishable,  readily  preserved,  and  easily  examined  and 
measured.  Of  all  parts  of  the  skeleton  the  cranium  is  the  most 
valuable,  as  it  gives  the  means  of  estimating  the  volume  and  form  of 
the  brain ;  and  the  fSftcial  characters,  by  which  the  races  of  mankind 
are  so  strongly  differentiated,  have  their  outlines  clearly  indicated  in 
its  bony  framework. 

The  Museum  of  the  Boyal  College  of  Surgeons  contains  a  fine 
series  of  crania  of  native  Australians,  fifry-four  in  number — ^a  far 
larger  series  than  is  contained  in  any  one  collection  elsewhere.  Of 
these,  twelve  are  from  North  Australia,  Cape  York,  and  Port  Essing- 
ton ;  one  from  Queensland ;  six  from  New  South  Wales ;  nineteen 
from  South  Australia ;  four  from  West  Australia ;  and  the  remainder 
from  unknown  localities.  As  I  have  not  been  able  to  find  any  con- 
stant characters  by  which  the  skulls  from  different  regions  of  the 
continent  can  be  distinguished,  I  have  taken  them  all  together  in  the 
following  summary  of  &eir  characteristics,  irrespective  of  locality. 
Five  of  the  skulls  have  not  arrived  at  full  maturity,  having  the  basal 
suture  still  open  (being,  therefore,  below  the  age  of  twenty),  and 
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are  oonseqaently  rejected  in  the  average  of  measorements.  Of  the  re- 
maining for^-nine,  twentyHEOX  appear  to  belong  to  males  and  nineteen 
to  fenules ;  the  remaining  four  being  donbtf ol.  The  sezaal  characters 
are  generally  very  well  marked.  Of  pathological  deformities  suffi- 
ciently marked  to  interfere  with  the  normal  characters  of  the  cranium, 
or  of  Tariations  of  form  caused  by  premature  synostosis  of  the  sutures, 
there  are  none ;  and  not  one  of  the  series  (or  any  other  Australian 
which  I  have  examined)  shows  any  signs  of  having  been  artificially 
deformed  during  infancy.  These  skulls  show  &at  the  practice  of 
knocking  out  some  of  the  front  teeth  on  initiation  into  manhood  is 
not  so  ^qnent  as  some  writers  on  the  customs  of  &e  Australians 
would  lead  us  to  believe.  In  onlv  one  case,  both  central  upper 
incisors  have  been  lost,  and  the  right  only  in  five  cases^  the  left  in 
one,  though  this  latter  may  have  been  due  to  natural  decay.  Among 
fifteen  Australian  skulls  in  the  Army  Medical  Museum,  at  Netley, 
three  have  lost  the  right  central  incisor,  none  the  left. 

In  order  to  appreciate  the  distinctive  characters  of  the  Australian 
crania  more  fully,  I  have  compared  them  with  a  corresponding  number 
of  Europeans,  and  have  taken  Italians  as  the  only  nation  of  which  a 
sufficient  number  exist  in  the  Museum  to  obtain  a  fur  average  of  both 
sexes.  This  is  owing  to  the  College  having  a  few  years  ago  purchased 
the  valuable  collection  of  ancient  and  modem  Italian  and  Greek 
crania,  formed  by  Professor  Nicolucci.  From  these  I  have  selected 
forty  male  and  twenty  female  crania  from  various  parts  of  Italy, 
taken  at  hazard  from  the  modem  collection,  regard  o^y  having  be^ 
paid  to  their  being  adult  and  of  no  abnormal  form.  These  were  pro* 
bably  all  from  people  of  the  least  cultivated  classes,  and  whose  aver- 
age height  would  not  differ  greatly  from  that  of  the  Australian. 

In  general  size,  as  estimated  by  the  principal  external  diameters 
of  the  cranium,  there  is  a  wonderful  similarity  between  the  two  races. 
The  average  horizontal  circumference  *  of  the  Australians  of  both 
sexes  is  exactly  19*7  inches,  while  that  of  the  Italians  is  19-8 indies.t 
Though  the  average  length,  hei^t,  and  breadth  of  each  diffiar  indivi- 
dually, these  three  mean  dimensions  added  together  come  to  exactly 
the  same  in  both  races,  as  the  following  table  shows : — 

AostnUMi.  ItalfauL 

Average  length 7*2  6-9 

„     breadth 51  55 

„     height      5*1  5*0 

17 '  4  inches    17  *4  inches. 

*  This  ia  meaaitred  by  a  tape  passed  round  the  skull,  just  above  the  glabella, 
and  over  the  most  prominent  part  of  the  occiput — the  line  Op  O  in  Fig.  1. 

t  The  average  for  both  sexes,  where  the  number  of  skulls  of  eaoh  has  not 
been  equal,  is  obtained  by  adding  together  the  average  procured  for  each  sex 
separately,  and  dividins;  the  result  by  two;  otherwise  a  preponderatiog  number 
either  of  males  or  femaTes  in  the  series  would  have  a  disturbing  eflfect  upon  the 
general  average. 


Digitized  by  VjOOQIC 


1878.]  on  the  Native  Bacee  of  Ae  Pacific  Ocean.  611 

Tet  tbe  capacity  of  the  interior  of  the  cranial  caritj  is  very 
different,  the  average  of  the  Australians  of  both  sexes  being  74*7 
cnbic  inches,  or  1224  cubic  centimetres,  and  that  of  the  Italians  83*4 
cubic  inches,  or  1867  cubic  centimetres,  giving  an  advantage  of  nearly 
9  inches  to  the  latter.  This  difference  is  accounted  for  partly  by  the 
greater  thickness  of  the  Australian  cranium,  but  chiefly  by  its  angu- 
larity, the  upper  lateral  parietes  being  flattened  and  sloping  from 
the  median  Ime  above  like  the  roof  of  a  house,  instead  of  having  the 
round,  dome-like  form  of  the  European  cranium ;  being,  in  fact,  as  Pro- 
fessor Cleland  expresses  it,  ^  ill-filled/' 

The  average  of  the  twenty-six  Australian  male  skulls  is  78  *  4  inches, 
or  1285  cubic  centimetres ;  that  of  nineteen  females,  69*7  inches  or 
1142  cubic  centimetres.  The  highest  male  is  88  *  6  inches  (1450  cubic 
centimetres),  or  less  than  the  average  male  Italian  (89 '  1  inches  =  1460 
cubic  centimetres).  The  smallest  of  the  Australian  series  (a  female) 
is  62*9  inches,  or  1030  cubic  centimetres.  The  greatest  care  was 
used  to  ensure  accuracy  in  the  measurements,  which  were  taken  by 
the  method  to  which,  after  many  thousand  trials,  I  have  now  given 
the  preference — i.e.  filling  the  skull  with  mustard  seed  and  esti- 
mating the  quantity  by  means  of  Busk's  choremometer,*  certain  pre- 
cautions being  adopted  which  it  would  take  too  long  to  describe  here. 
It  is  perfectly  clear,  then,  that  in  cranial  capacity,  which  is  the  most 
accurate  way  of  estimating  volume  of  brain,  the  Australian  savage  is 
very  inferior  to  tbe  Italian  peasant 

The  general  form  of  the  cranium  seen  from  above  (the  norma 
verticaltM  of  Blumenbach),  is  ordinarily  estimated  by  stating  the  pro- 
portion which  its  greatest  breadth  in  the  parietal  region  (Fig.  3, 
P  P)  bears  to  its  extreme  length  from  before  backwards  (O  Op), 
tiie  latter  being  reckoned  as  100.  This  gives  the  index  of  oreadth, 
or  latitudinal  index,  or,  as  it  is  often  called,  the  cranial  index.t 
According  to  the  most  convenient  system  of  nomenclature,  when  the 
index  is  l^ow  75  the  skull  is  called  dolichocephalic^  or  long-headed ; 
when  between  75  and  80,  meeocephaUc;  when  80  or  above,  bradby- 
c^hdliCf  or  short-headed.  The  average  length  of  the  male  Australian 
crania  of  this  collection  is  7*  81  inches,  the  length  of  the  female  being 
7*00.  This  diameter  is  taken  from  the  ophryon  of  Broca  (Fig.  1, 
Op)  to  the  most  distant  part  of  the  occiput  (0),  and  does  not  include 
the  projection  of  the  glabella  (O).  The  average  breads  of  the  male 
is  5*18,  of  the  female  5*06.  The  indices  are  more  interesting  than 
the  absolute  diameters,  as  they  give  an  idea  of  the  form  of  the  skull. 
The  average  latitudinal  index  of  the  twenty-six  male  skulls  is  71  '2, 
of  the  nineteen  females,  72*8 ;  so  that  as  a  race,  the  Australians  are 
strongly  dolichocephalic.     On  analysing  the  indices  of  the  forty- 


*  G.  Busk,  **  Note  on  a  Ready  Method  of  Measuring  the  Cabio  Ctoacitv  of 
SkullB,"  '  Joum.  Anthrop.  Institute,'  vol.  HL  p.  200.  ^      ' 

J.  rM.A  '  ^  11.       breadth  x  100      .   , 

t  Obtained  thus: = — -rr =  index. 

'  length. 
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nine  skulls  separately,  I  find  that  forty-five  of  them  range  between 
68  and  74,  which  may  thus  be  called  the  normal  limits  of  variation. 
One  is  exceptionally  low,  viz.  67,  making  fortynsix  out  of  the  forty- 
nine  truly  dolichocephalic.  Three  come  into  the  category  of  meso- 
cephaly,  one  having  an  index  of  75,  one  of  76,  and  one  the  altogether 
exceptional  index  of  78.  Of  the  genuineness  of  this  last,  I  have, 
however,  some  doubts,  as  it  presents  some  other  aberrant  characters. 
Excluding  this,  not  one  approaches  the  borders  of  brachycephaly. 


Fig.  1. — Side  view  of  skull  of  male  Australian.*  V  V.  Horizontal  line,  corresponding 
with  visual  axis.  A.  Alveolar  point.  S.  Spinal  point,  or  base  of  nasal  spine. 
N.  Nasion,  or  centre  of  fronto-nasal  suture.  G.  Glabella.  Op.  Ophryon,  or  centre 
of  supra-orbital  line.  Bg.  Bregma,  or  union  of  coronal  and  sagittal  sutures. 
L.  Lambda,  or  union  of  lunbdoid  and  sagittal  sutures.  0.  Occipital  point.  Aa. 
Auricular  point,  or  centre  of  external  auditory  meatus.  B.  Basion,  or  centre  of 
anterior  margin  of  foramen  magnum.  Pt.  Ptereon,  or  point  where  the  frontal 
(Fr),  parietal  (P),  squamosal  (Sq),  and  ali-sphenoid  (A  S)  bones  meet. 

It  is  interesting  to  find  that  other  collections  of  Australian  crania 
give  closely  similar  results.  Thus  I  found  the  average  latitudinal 
index  of  ten  male  Australian  skulls  in  the  Army  Medical  Museum 
at  Netley,  to  be  72.  Broca  gives  71 '98  as  the  average  of  seventeen 
of  both  sexes  at  Paris,  and  Dr.  Barnard  Davis  72  as  the  average  of 
twenty-three  in  his  collection.  From  all  these  various  data,  Ui^e 
can  be  no  doubt  that  it  is  a  perfectly  well-established  fact,  that  the 
average  cranial  index  of  the  skull  of  the  Australians  is  72,  or  slightly 

•  The  fijnires  are  all  from  apecimens  in  the  Museum  of  the  Boyal  College  of 
SiirgeoDB  of  England.  They  are  drawn  geometrically  by  meane  of  Broca*8  stereo- 
graph, and  reduced  one-third. 
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less,  and  that  they  are,  therefore,  to  be  placed  among  the  most 
doliohocephalic  of  races. 

The  Italians  show  in  this  respect  hr  greater  variation  than  the 
Australians,  the  extremes  ranging  between  71  and  91,  the  average  of 
both  sexes  being  as  high  as  80,  or  just  within  the  compass  of  brachj- 
cephalj. 

The  height  of  craninm  is  estimated  in  various  ways  by  different 
anthropologists,  bat  the  most  convenient  is  the  distance  from  the  basion 
or  anterior  margin  of  foramen  magnmn  (B,  Fig.  1),  to  the  bregma  or 
junction  of  the  coronal  and  sagittal  sutures  (Bg,  Fig.  1).  This  dimen* 
sion  in  the  Australian  skulls  of  both  sexes  in  the  College  Museum 
is  practically  equal  to  the  breadth.  In  the  males  it  ra^er  exceeds 
the  latter,  but  in  the  females  falls  short  of  it.  The  average  alti- 
tudinal  index  (ratio  of  height  to  length,  the  latter  being  100)  in 
the  male  is  72  *  0,  in  the  female  71  *  1.  The  range  of  variation  is  greater 
than  that  of  the  breadth,  being  from  68  to  80.  The  average  alti- 
tudinal  index  of  ten  skulls  of  males  at  Netley  is  74,  or  rather  higher 
than  the  College  series — a  circumstance  probably  due  to  the  latter 
containing  a  number  of  skulls  belonging  to  a  pecidiar  tribe  from  the 
neighbourhood  of  Adelaide,  of  exceptionally  depressed  form,  of  which 
there  are  no  representatives  in  the  Netley  collection. 

Every  Australian  cranium  yet  examined,  of  either  sex,  is  what 
Busk  calls  phcenozygous — that  is  to  say,  in  the  norma  verticaUs^  when 
held  at  arm's  length  and  looked  at  with  one  eye,  both  zygomatic 
arches  are  seen  at  the  same  time.  Of  the  Italian  skulls,  out  of  twenty 
females,  only  one  is  phasnozygous,  and  that  very  slightly ;  out  of  forty 
males,  eighteen  present  this  condition.  This  depends  upon  the  com- 
parative development  of  .the  cranial  parietes  (Fig.  2,  P  P)  and  the 
zygomatic  arch  (Z  Z),  or  cerebral  versus  muscular  development.  In 
the  Australian  crania  it  rather  indicates  narrowness  of  brain  cavity, 
than  any  great  size  of  the  zygomata,  for  as  a  general  rule  the 
various  ridges  and  processes  for  the  attachment  of  muscles  are  not 
very  strongly  marked.  The  mastoid  processes  are  not  large,  and 
the  inion  and  occipital  curved  lines  are  moderate,  the  former  in  no 
case  exceeding  No.  3  of  Broca's  scale,*  usually  but  No.  1  or  2  in  the 
males. 

On  the  other  hand,  eveiy  skull,  without  exception,  male  or  female, 
has  a  prominent  glabella.  In  the  males  it  equals  No.  3  or  No.  4 
of  Broca's  scale,  rarely  as  low  as  2 ;  in  the  females  2  or  3.  Even  in 
the  children's  skulls  this  character  begins  to  show  itself. 

The  sutures  of  the  cranium  are  generally  less  complex  than  in 
European  skulls,  and  Woimian  bones  in  the  lambdoid  suture  are  less 
frequent  and  more  simple  in  character.    Metopism,f  or  persistence  of 

*  " InBtrnotioDS  Craniologiques  et  Craniom^triques,"  'Mem.  de  la  Soo. 
d'Antbrop.  de  Paris.'    T.  ii  2na  eer.  1875. 

t  One  of  the  many  convenient  terms  introdaced  by  Broca  into  craniology 
See  "  Notions  oomplementaires  snr  TOsteologie  du  Crane,"  '  Boll,  de  la  Soci^td 
d'Anthrop.  de  Paris,'  20  Mai,  1875;  and  **  Instractions  Oraniologiqaes  et 
Craniometriques,''  *  Mem.  de  la  Soc.  d'Anthrop.'    Tom.  ii.  2nd  sor.  1875. 
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the  frontal  saiore  into  adult  age  (see  Fig.  4),  does  not  occur  in  a  single 
instance;  whereas  oat  of  the  sixty  Italuin  sknlls,  as  many  as  ten  are 
metopic,  which  nearly  agrees  with  the  statement  of  Broca,  that  in 
European  sknlla  this  feature  occurs  in  one  out  of  every  seven*  The  con- 
dition of  the  sutures  at  the  region  of  the  skull,  called  the  ^'  ptereon  " 
by  Broca  (the  anterior  part  of  the  temporal  fossa,  near  the  great  wing 
of  the  sphenoid  bone,  Fig.  1,  P),  is  of  some  interest  as  a  race-character. 
These  conditions  may  be  clashed  thus : — 1.  The  squamosal  actually 
coming  in  contact  with  the  frontal  (PtSreon  rettmrn^^  Broca).  2.  The 
squamosal  coming  near  the  frontal  (less  than  half  a  centimetre) 
^  stenocrotaphitic  "  crania.  3.  An  <'  epipteric  "  bone,  or  small  separate 
ossification  developed  at  the  upper  end  of  the  great  wing  of  the 
sphenoid.  4.  NeiUier  of  the  above  conditions  present,  but  a  simple 
spheno-parietal  suture  of  more  than  half  a  centimetre  in  length,  as  in 
the  skulls  usually  considered  normal  among  Europeans  {ptSreon  en  H. 
Broca^.  Gomparing  both  sides  of  the  whole  number  of  Australians 
and  of  Italians  examined,  the  relative  frequency  of  the  different  con- 
ditions in  the  two  races,  reduced  to  terms  of  100,  is  as  follows : — 


AtutFalians 
ItaliaoB 


So.  I. 

No.  2. 

No.  3. 

No.  4. 

Total. 

91 

87-3 

14-5 

891 

100 

2-5 

14-2 

10*8 

72-5 

100 

The  form  of  the  skeleton  of  the  face  is,  as  has  been  mentioned 
before,  extremely  characteristic  of  race,  though  it  has  not  usually 
received  as  mndi  attention  as  it  merits.  The  facial  angle,  as  it  is 
called,  or  angle  formed  by  the  profile  of  the  face  with  a  horizontal 
line,  has  certainly  been  very  much  talked  about  since  the  time  when 
Camper  first  drew  attention  to  its  interest  as  a  distinguishing 
character  of  higher  or  lower  races.  Many  modifications  of  damper's 
angle  have  been  proposed,  both  as  to  the  horizontal  and  the  vertical 
line,  and  many  mediods  of  measurement  have  been  adopted,  none, 
however,  so  commodious  as  Broca's  "  median  goniometer."  Measured 
by  this  instrument,  the  angle  having  its  apex  at  the  ''  alveolar  point " 
(anterior  and  inferior  point  of  premaxills  in  the  median  line,  Fig.  1, 
A)  and  one  limb  passing  through  the  centre  of  the  external  auditory 
meatus  (Au),  and  the  other  through  the  ^'ophryon,"  or  centre  of 
forehead,  immediately  above  the  glabella  (Op),  which  may  be  called 
the  ophryo-alveolo-auricular  angle,  averages  in  42  adult  Australian 
crania  of  both  sexes,  64*5^  or  63*9^  for  the  males  and  64*8°  for  the 
females ;  in  60  Italians  the  average  of  both  suxes  is  68*0°,  or  67*9° 
for  the  males  and  68*2°  for  the  females.  The  size  of  this  angle,  it 
will  be  observed,  depends  upon  several  distinct  conditions  of  the  skull, 
which  are  not  directly  related  to  each  other ;  the  chief  of  which  are — 
(1)  the  prominence  of  the  forehead,  (2)  the  projection  forwards  of  the 
upper  jaw,  and  (8)  the  length  of  &e  face  from  above  downwards.  The 
difference  of  the  angle  in  the  two  races  is  chiefly  due  to  the  secimd, 
for  the  Australian  forehead,  though  considerably  narrower  than  the 
European,  is  very  nearly,  if  not  quite,  as  prominent ;  ihe  average  dis- 
tance between  the  basion  and  centre  of  the  frontal  bone  (the  frontal 
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radius)  being  almost  exactly  the  same  in  both  races.  This  is  not 
surprising  considering,  as  mentioned  before,  the  actoal  height  of  the 
skull  at  t^e  npper  part  of  the  frontal  bone  (bregma)  measured  from  the 
basion  is  greater  in  the  Australian  than  the  Italian. 

The  prognathism  or  projection  forward  of  the  jaws  is  most  readily 
estimated  by  comparing  the  distance  from  the  bietsion  to  the  nasion 
(naso-front^  suture),  or  the  hasi-naaal  lef%gth  (Fig.  1,  B  N),  with  that 
from  the  basion  to  the  alveolar  point,  the  haei-aloeolar  length  (B  A), 
both  most  easily  measured  with  the  sliding  callipers.  When  the 
latter  dimension  considerably  exceeds  the  former,  the  face  is  said  to 
be  prognaihous ;  when  the  reverse  is  the  case,  it  is  orthognathous ; 
when  tiie  two  dimensions  are  equal  or  thereabouts,  it  is  mesognathous. 

The  exact  degree  of  gnathic  projection  is  expressed  by  an  index 
formed  by  the  relation  of  the  basi-alveolar  (B  A)  to  the  basi-nasal 
length  (B  N),  the  latter,  as  the  more  fixed,  being  taken  as  100.  If  the 
index  is  between  98  and  102,  the  &ce  may  be  considered  meso- 
gnathous ;  if  below  98,  orthognathous ;.  if  above  102,  prognathous. 

The  Australians  taken  altogether  come  into  the  prognathous  cate- 
gory, the  general  average  of  the  indices  of  the  adtdt  skulls  of  both 
sexes,  in  which  the  &ce  is  preserved,  being  104 ;  that  of  the  females 
alone  being  nearly  105,  and  that  of  the  males  103.  There  is  con- 
siderable individual  variation.  In  seven  cases  out  of  the  forty-two,  B  A 
is  equal  to  B  N,  and  in  five  it  is  actually  less.  Among  the  sixty  Italian 
crania  measured  for  comparison,  there  is  also  much  individual 
difference,  some  few  being  prognathous,  and  six  having  the  two 
dimensions  equal;  but  ta^g  Uie  general  average,  orthognathism 
prevails,  the  mean  index  being  97.  In  a  very  well-formed  English 
skull,  the  gnathic  index  is  as  low  as  92. 

llie  height  of  the  &ce  of  the  Australians  is  less  than  in  tho 
Italians ;  the  length  from  the  nasion  to  the  alveolar  point  (N  A) 
averages  in  the  o^es  of  the  former,  67  millimetres,  in  the  males  of 
the  latter,  70  millimetres. 

The  nasal  bones  of  the  Australians  are  extremely  characteristic, 
being  remarkable  among  all  races  for  their  shortness,  and  for  the  de- 
pression of  their  upper  part,  which  is  sunk  beneath  the  overhanging 
glabella.  The  importance  of  the  general  form  of  the  nasal  aperture 
as  a  race-character,  was  pointed  out  by  the  late  Dr.  Williamson,  in  his 
catalogue  of  the  crania  in  the  Anny  Medical  Museum;  but  the 
readiest  mode  in  which  this  may  be  estimated  and  expressed  is  one  of 
Broca's  numerous  and  valuable  contributions  to  craniology.*  His 
^  nasal  index,"  or  ratio  between  the  greatest  width  of  the  nasal  aper- 
ture (Fig.  2,  n  n)  and  its  height — including  the  nasal  bones,  and  measured 
therefore  from  the  nasion  or  centre  of  the  fronto-nasal  suture  (N) 
to  the  lower  border  of  the  aperture  or  base  of  the  nasal  spine  (S) — 
is  one  of  the  most  useful  of  all  the  cranial  indices  in  distinguishing 
races,  and  is  of  great  assistance  in  forming  an  idea  of  the  characteristic 

♦  "  Rooherches  but  Undice  Naaal/'  *  Revue  d'Anthropologie.*    Tome  i.  1872. 

2  n  2 


Digitized  by  VjOOQIC 


616 


Professor  Fhto^r 


[May  31, 


physiognomy  of  the  indiyiduals  composing  thom.  The  most  nsnal 
height  of  the  nasal  aperture  is  about  100  millimetres,  the  width 
about  50  millimetres;  the  index,  consequently,  50.  This  may  be 
taken  as  a  general  mean  of  all  races,  and  thus  indiyidoals  or  races  in 
which  the  index  varies  only  slightly  on  each  side  of  this  figure 
(between  48  and  52)  are  called  by  Broca,  mesorhine.     Those  in 


Fig.  2. — ^Front  view  of  skull  of  Australian.  PP.  Parietal  eminences.  Z2L  Zjgo- 
matic  arches.  Op.  Opbryon.  N.  Nasion.  S.  Spinal  point,  n  n.  Width  of  naiaal 
aperture.    0  0.  Width  of  orbit,     oo.  Height  of  orbit. 

which  the  index  is  lower  than  48,  are  leptorhiney  or  narrow-nosed; 
those  in  which  the  index  is  58  or  higher,  are  plaiyrhwey  or  broad- 
nosed.  The  Australians  come  decidedly  under  the  latter  category, 
the  general  average  index  of  41  crania  of  both  sexes  being 
56*5.*  Out  of  the  whole  number,  84  are  platyrhine  (more  than  half 
have  an  index  between  54  and  58,  the  highest  index  being  69),  7  are 
mesorhine,  and  these  nearly  all  on  the  platyrhine  side,  in  one  only 
does  the  index  fall  below  50,  and  not  one  in  leptorhine.  Indeed,  a 
leptorhine  Australian  cranium  would  be  as  great  a  phenomenon  as  a 
brachycephalio  one,  and  would  require  strong  proof  of  its  authen- 
ticity .f  The  females,  on  the  whole,  are  rather  more  broadnosed  than 
the  males,  their  average  being  57  *  6,  that  of  the  males  being  55  *  8. 
The  average  nasal  index  of  ten  male  Australian  crania  in  the  Army 
Medical  Museum  at  Netley,  is  54*8. 

*  ThiB,  as  with  the  other  general  averagee,  is  not  the  mean  of  the  indiyidual 
indices,  but  what  is  more  aoourate,  the  index  of  the  means  of  the  dimensions 
.       mean  width  x  100 
mean  height. 

t  There  is,  however,  one  in  the  collection  of  the  Anthropological  Institute, 
which  appears  to  be  genuine.    The  index  is  only  46. 
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In  the  sixty  Italian  skulls,  the  ayerage  nasal  index  is  47,  there 
being  little  difference  between  the  sexes ;  they  are,  therefore,  as  a 
race,  leptorhine,  though  approaching  the  confines  of  the  intermediate 
category.  There  is,  however,  very  considerable  variation  among 
them,  as  many  as  8  being  platyrhine,  18  mesorhine,  and  34  leptorhine ; 
the  highest  being  58*8,  the  lowest  39-6. 

The  general  character  of  the  face  depends  much  on  the  form  of 
the  orbit.  In  the  Australians  this  is  elongated  and  rectangular  rather 
than  round,  and  with  the  upper  and  lower  border  nearly  paralleL 
The  orbital  index  of  Broca,  or  relation  of  the  height  (Fig.  2,  o  o) 
to  the  width  (O  O)  of  the  anterior  margin,  measured  according  to  the 
method  for  which  I  must  refer  to  his  memoir,*  gives  a  good  idea  of 
its  general  shape.  A  low  orbital  index  shows  a  wide  and  depressed 
orbit,  generally  overshadowed  by  a  heavy  superciliary  ridge ;  a  high 
index  shows  a  round,  open  orbit.  There  is  much  individual  variation 
in  this  character,  as  in  all  others  derived  from  the  cranium,  in  every 
race ;  but  the  averages  often  give  useful  differentiating  characters.  As 
with  the  other  indices,  it  is  convenient  to  group  them  into  three — the 
high  {megasefne)^  intermediate  (mesoseme),  and  low  (nUcroaeme),  the 
limits  of  which  are  set  by  Broca  at  89  and  83  respectively ;  86  being 
taken  as  the  general  average  of  all  races.  The  orbital  index  of  the 
average  male  Australian  of  this  collection  is  81  *  8,  of  the  female  82 '  9, 
or  of  both  sexes  together  82  *  3 ;  so  that  taken  all  together,  they  are 
mioroseme.  With  regard  to  the  variation^,  16  out  of  ^e  42  are  meso- 
seme,  and  the  highest  index  among  the  males  is  88*  1,  so  that  not  one  of 
this  sex  is  megaseme.  Two  females,  however,  enter  this  category, 
having  respectively  indices  of  89*7  and  92*1.  This  quite  accords 
with  the  fact  pointed  out  by  Broca,  that  as  a  general  rule  the  orbital 
index  of  the  female  is  greater  than  that  of  the  male ;  indeed,  these 
Australians  are  in  this  respect  exceptionally  equal.  The  mean  orbital 
index  of  the  ten  male  Australians  at  Netley  accords  remarkably  with 
that  of  those  in  the  College  of  Surgeons'  collection,  being  exactly  82  *  0. 
The  Italians  have  a  higher  orbital  index,  and  therefore  rounder  orbits 
than  the  Australians,  the  mean  index  being  86*0  for  the  males  and 
90-9  for  the  females. 

The  malar  bones  are  remarkably  small  and  weak  in  the  Austra* 
lians,  the  lower  border  especially  is  very  little  developed.  They  also 
slope  away  from  the  median  line  of  the  face,  and  the  outer  margin  of 
the  orbit,  as  best  seen  in  the  profile  view  of  the  &ce,  is  placed  consider- 
ably behind  the  inner  margin,  offering  the  greatest  contrast  in  this 
respect  to  the  Mongolian  type,  which  reaches  its  greatest  development 
in  the  Eskimo.  The  malar  bones  of  the  European  are  deeper  and 
stronger  than  the  Australian,  though  they  also  slope  backwards  from 
the  middle  line. 

The  nasal  spine  is  never  large,  usually  No.  2  of  Brooa's  scale, 

*  *  Reoherches  but  rindioe  Orbitaiie.'    Fans,  1876.    Also  'Inatroctioiia  Oza- 
niologiques  et  CraDiometriqucB.' 
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or  often  No.  1,  and  in  two  cases  it  is  obsolete,  as  in  the  apes.  The 
lower  margin  of  the  nasal  opening  is  not  sharply  defined,  as  in  the 
European;  but  the  floor  of  the  narial  chamber  passes  gradually 
into  the  anterior  or  external  sor&ce  of  the  alyeolarprooess  of  the 
maxilla. 

The  palate,  though  varying  in  different  indiTiduals,  is  often  of  a 
form  yery  rarely  seen  among  Europeans,  i.  e.  long  and  narrow,  with 
lateral  margins  nearly  parallel,  and  the  anterior  margin  straight 
(hypsiloid).  It  has  yery  seldom  the  eyen  semicircular  form  (paraboHc) 
seen  in  many  other  races. 

Though  the  mandible  or  lower  jaw  yaries  in  form  in  different 
individuals,  when  a  considerable  series  is  examined  and  compared 
with  a  corresponding  series  of  Europeans,  it  will  be  seen  that  in  the 
majority  of  the  Australians  the  symphysis  is  shorter  from  above  down- 
wards, the  mentum  or  chin  more  retreating,  the  horizontal  ramus 
longer  and  lower,  with  its  upper  and  lower  margins  more  nearly 
parallel,  the  ascending  ramus  not  so  high,  and  broader  from  before 
backwards,  and  the  coronoid  process  less  developed.  In  all  these 
characters,  as  in  many  of  those  of  the  cranium  mentioned  above,  espe- 
cially the  relative  smallness  of  the  cranial  cavity,  the  smallness  of  &e 
nasal  bones,  the  form  of  the  lower  margin  of  the  nasal  aperture,  and 
the  prognaUiism,  the  Australian  presents  some  approximation  towards 
the  antl^poid  ape. 

The  teeth  of  the  Australian  differ  considerably,  as  has  often  been 
pointed  out,  from  those  of  the  European,  and  indeed  from  most  other 
races,  in  their  superior  size,  and  in  ^e  more  complete  development  of 
the  cusps  of  the  molars.  In  order  to  estimate  with  precision  the  dif- 
ference in  size,  I  have  obtained  the  following  average  measurements 
from  examples  of  both  races  expressed  in  millimetres;  but  as  the 
teeth  are  lost  in  many  of  the  skulls  in  collections,  the  numbers 
examined  in  both  cases  are  not  quite  so  abundant  as  might  be 
wished : — 


Width  of  upper  canine  ..  .. 
Length  of  three  upper  molars  .. 
Length  of  three  lower  molars  ,. 
Breath  of  second  upper  molar 


Male 
European. 


Male  Female 

Austratian. !  Aastnalkn. 


7-50 
41-53 
45-85 
1105 


8-54 
46 -07 
51-43 
12-67 


8-33 
46  00 
49-67 
12-21 


The  third  molars,  or  wisdom  teeth,  are  more  constant,  earlier  in 
appearance,  and  better  developed,  both  as  to  crown  and  root,  than  in 
the  European.  There  are  very  few  instances  in  which  these  teeth  are 
very  small  and  siugle-rooted  among  the  Australians,  and  fewer  still 
in  which  they  are  absent. 

The  teeth  generally,  as  with  all  savages,  are  remarkably  free  from 
decay,  though  as  life  advances  they  wear  down  from  the  attrition 


Digitized  by  VjOOQIC 


1878.]  on  the  Native  Baces  of  the  Pacific  Ocean.  619 

oooasioned  by  gritty  particles  in  their  food.  But  it  is  very  rare  to 
find  skulls,  even  the  oldest,  in  which  any  considerable  number  of 
teeth  have  been  lost  during  life. 

For  an  examination  of  the  characters  of  the  remainder  of  the 
skeleton,  the  materials  at  my  disposal  are,  unfortunately,  very  in- 
sufiBdent.  The  attention  of  collectors  has  hitherto  been  concentrated 
too  much  on  the  skulls,  and  the  preservation  of  complete  skeletons, 
certainly  a  matter  of  greater  difficulty,  has  been  much  neglected. 

The  bone,  or  group  of  bones,  which  next  to  the  cranium  is  most 
likely  to  afford  good  differential  characters  for  races,  is  the  pelyis. 
The  very  striking  diffiarence  between  this  part  in  all  the  apes  and  in 
man,  would  readily  lead  to  the  supposition  that  some  difference 
.  might  be  found  in  it  between  the  higher  and  lower  races  of  the  latter, 
and  it  is  therefore  natural  that  attention  should  be  directed  to  the 
subject 

The  most  marked  difference  between  the  pelvis  of  man  and  that  of 
the  apes  is  expressed  numerically  in  the  "  pelvic  index,"  or  relation 
between  the  antero-posterior  to  the  transverse  diameter  of  the  brim,  the 
latter  being  taken  as  100.  In  various  anthropoids  this  index  ranges 
between  122  (orang)  and  160  (chimpanzee)  in  the  males,  and  somewhat 
less  in  the  females.  In  the  European  males  the  average  in  sixty-tbreo 
measured  by  Vemeau,*  was  80,  which  nearly  corresponds  with  an 
average  of  eleven  measured  by  myself,  viz.  81.  I  have  been  able 
to  measure  eight  male  Australian  pelves,  and  find  the  average  index 
is  as  high  as  99-5,  the  numbers  in  the  different  individuals  being 
respectively  108,  105,  102,  100,  98,  98,  95,  and  90;  the  various 
Europeans  ranging  between  96  and  71.  The  pelvis  of  the  negro  has 
been  shown  by  Vrolik  and  others  to  possess  the  same  peculiarity  of 
form.  There  are  other  characters  of  the  pelvis,  and  also  of  the  form 
and  relative  proportions  of  the  bones  of  Ihe  limbs  by  which  the  Aus* 
tralian  appears  to  differ  from  the  average  European ;  but  I  will  pass 
them  by  for  the  present,  as  the  number  of  individuals  examined  is  really 
not  sufficient  to  draw  general  conclusions  from  with  safety,  merely  in- 
dicating that  as  far  as  they  go,  they  appear  to  show  that  the  Australian 
resembles  the  negro  and  differs  from  the  European  in  the  relative 
superior  length  of  the  second  compared  with  the  proximal  segment 
of  both  limbs,  or  in  other  words,  tiie  radius  and  tibia,  as  compared 
with  the  humerus  and  femur,  are  relatively  longer  in  the  black  races. 

I  must  now  bring  to  a  conclusion  this  brief  summary  of  the 
physical  characters  of  the  Australian  aboriginal  people,  for,  beyond 
an  imperfect  knowledge  of  their  osteology,  we  have  at  present  no  in- 
formation as  to  their  anatomical  structure.  The  past  history  of  this 
race,  absolutely  unknown  from  documents  or  traditions  of  any  historic 
value,  is  a  most  interesting  subject  for  speculation.  Whether  they 
have,  as  some  suppose,  fallen  from  a  higher  state  of  civilization  and 
structure,  and  have,  by  whatever  cause,  degenerated  into  their  present 

*  '  Lo  Baasin  dana  los  Sexos  et  dans  lea  Racea.*    Paris,  1875. 
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oondiiioii,  or  whether  thej  represent  a  phase  in  the  history  of  man- 
kind generally,  both  sociid  and  physical,  onoe  universal,  now  confined 
to  the  Australian  continent,  and  thus  offer  a  parallel  to  so  many  of 
the  phenomena  connected  with  the  fauna  and  flora  of  that  remarkable 
land — ^a  land  of  living  fossils,  as  it  may  be  called — is  at  present  a 
queatioQ  which  fails  to  be  answored  for  want  of  sufficient  data. 
It  may  be  stated,  as  a  simple  matter  of  fact,  and  with  only  such 
weight  allowed  to  it  as  to  other  negative  evidence  of  the  kind,  that 
hitherto  no  remains  of  any  race,  presenting  the  characters  of  the 
Australian  savage,  or  indicating  so  great  a  departure  from  the  normal 
modem  European  standard,  have  been  discovered  in  any  European 
land.  Even  for  a  parallel  condition  of  culture,  we  must  go  back  to 
very  early  prehistoric  times. 

Whatever  the  past  history  of  the  race  may  have  been,  its  future 
is  no  matter  of  speculation.  On  April  28,  1770,  the  day  when 
Cook  first  landed  on  the  Australian  shore,  its  fate  was  determined, 
and  that  f&te,  whether  for  good  or  for  evil,  in  the  great  and  com- 
plex succession  of  events  which  combine  to  make  up  the  history 
of  the  world  and  shape  the  future  destiny  of  mankind,  is  extineiion. 
The  causes  and  methods  of  this  extinction  will  be  best  illustrated 
by  the  story  of  a  kindred  and  neighbouring  people,  with  whom  the 
event  is  already  an  accomplished  fact. 

To  the  south  of  the  southern  extremity  of  Australia,  and  separated 
from  it  by  an  interval  of  about  150  miles,  lies  the  large  island  now 
called  Tasmania,  having  an  area  equal  to  about  three-fourths  that  of 
Ireland.  It  was  discovered  in  1642  by  Abel  Jansen  Tasman,  on  his 
first  voyage  of  exploration  in  the  South  Seas,  and  named  by  him 
Van  Dieman's  Land,  after  the  governor  of  the  Dutch  East  Indian 
possessions.  It  was  then,  and  indeed  until  1798,  when  its  insularity 
was  proved  by  Bass  and  Flinders,  thought  to  be  part  of  the  mainland 
of  N^w  Holland  or  Australia.  Tasman  anchored  in  the  bay,  which 
he  named  ^  Frederick  Henry,"  and  though  he  inferred  from  various 
signs  that  the  land  was  inhabited,  he  did  not  see  any  of  the  natives 
during  his  short  stay.  In  1772,  the  French  navigator  Marion  da 
Fresno  arrived  with  two  vessels  at  the  same  spot  visited  by  Tasman, 
and  there,  on  the  4th  of  March,  the  first  meeting  of  the  aborigines 
with  Europeans  took  place.  The  former  came  with  confidence  down 
to  the  French  boats,  bringing  their  wives  and  children  with  them, 
but  in  consequence  of  a  misunderstanding  a  conflict  took  place,  in 
which  one  of  tiie  natives  was  shot  and  the  rest  fled. 

The  first  Englishman  who  approached  the  shores  of  Tasmania  was 
Captain  Fumeaox,  of  the  '  Besolution,'  who  in  March,  1773,  having 
been  accidentally  separated  from  the  ship  of  his  commander.  Captain 
Cook,  coasted  along  the  south  and  east  shores  of  the  island,  but  bad 
weather  preventing  him  from  landing,  he  saw  none  of  the  people, 
though  he  says  the  country  "appeared  to  be  thickly  inhabited,  as 
there  was  a  continual  fire  along  shore  as  we  sailed." 
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On  the  26th  of  January,  1777,  Captain  Cook,  on  his  third  voyage, 
entered  Adventure  Bay,  Broni  Island,  and  then  the  intercourse 
between  the  English  and  the  Tasmanians,  so  fatal  to  the  latter, 
commenced.  Cook  thus  describes  them  :  ^  They  were  quite  naked, 
and  wore  no  ornaments,  unless  we  consider  as  sndi,  and  as  a  proof  of 
their  love  of  finery,  some  large  punctures  or  ridges  raised  on  different 
parts  of  their  bodies,  some  in  straight  and  others  in  ^curved  lines. 
They  were  of  the  common  stature,  but  rather  slender.  Their  skin 
was  black,  and  also  their  hair,  which  was  as  woolly  as  that  of  any 
native  of  Guinea;  but  they  were  not  distinguished  by  remarkably 
^  thick  lips  or  flat  noses.  On  the  contrary,  their  features  were  fax  from 
being  disagreeable.  They  had  pretty  good  eyes;  and  their  teeth 
were  tolerably  even,  but  very  dirty.  Most  of  them  had  their  hair  and 
beards  smeared  with  a  red  ointment;  and  some  had  their  fao&B  also 
painted  with  the  same  composition."  * 

The  next  European  visitors  to  Tasmania  were  the  French 
Admirals  D'Entrecasteux  and  Baudin,  in  1792  and  1802;  the  latter 
being  accompanied,  as  naturalist,  by  Peron,  who  has  given  us  a  full 
description,  accompanied  by  the  first  published  drawings  of  the 
people.     These,  however,  are  little  better  than  caricatures. 

In  1808,  Van  Dieman's  Land  was  taken  possession  of  by  the  English, 
and  colonized  by  expeditions  from  New  South  Wales  at  two  points, 
Port  Dalrymple  on  the  noith,  and  Bestdown,  afterwards  Eisdon, 
on  the  Derwent,  near  the  future  Hobart  Town.  The  latter  settle- 
ment was  formed  by  a  military  party  and  convict  labourers,  and  here 
took  place,  in  May,  1804,  the  first  serious  conflict  between  the  natives 
and  European  invaders.  A  party  of  several  hundred  blacks — ^men 
women,  and  children — engaged,  as  it  subsequently  appeared,  in  a 
kangaroo  chase,  were  suddenly  seen  running  down  the  side  of  a  hill 
towards  the  infant  colony.  The  alarmed  settlers,  thinking  they 
were  about  to  be  attacked  by  a  strong  force,  without  any  parley,  fiired 
volleys  among  the  harmless  and  unhappy  natives,  killing,  it  is  said, 
as  many  as  fifty  before  the  rest  could  make  their  escape.  After  this, 
of  course  it  was  long  before  amicable  relations  could  be  re-established. 
In  fact  the  "  Black  War,"  thus  begun,  ended  only  with  the  departure 
of  the  last  natives  from  the  island  in  1835.1  The  usual  difficulties 
which  attend  the  colonization  of  a  country  olready  inhabited  by  a 
different  race  from  the  new  comers,  were  aggravated  in  the  case  of 
Tasman  a  by  the  fact  that  a  considerable  proportion  of  the  latter 
consisted  of  convicts  of  the  most  hardened  and  degraded  type,  who, 
frequently  escaping  fi*om  the  European  settlements,  took  to  a  rovibg 
and  lawless  life  in  the  forests  as  bushrangers,  or  on  the  islands  in  the 
straits  as  sealers.    From  these  men,  utterly  selfish,  brutal,  and  cruel, 

♦  *  Third  Voyage,'  vol.  L  p.  96. 

t  I  am  indebted  to  the  painfully  intereBting  work,  *  The  Last  of  the  Taa- 
maniana,'  by  James  Bonwick,  for  most  of  the  facts  mentioned  in  connection  with 
this  subject. 
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the  nfttiyes  in  most  oases  first'  reoeived  those  impressioDS  of  European 
civilization  and  character  which  all  the  endeavonrs  of  the  more 
humane  oolonists  and  of  the  Qovemment  conld  never  eradicate ;  and 
the  injuries  that  were  inflicted  hj  them,  led  to  reprisals  upon  the  more 
peaceful  and  well-intentioned  settlers,  which  raidered  Ufe,  except  in 
the  immediate  neighbourhood  of  the  most  settled  districts,  so  insecure  as 
sensibly  to  damage  the  prospects  of  the  colony,  and  to  cause  an  urgent 
cry  for  Gk>Temment  interference.  It  is  stated  by  Mr.  Galder  *  that 
« in  the  five  years  preceding  the  close  of  1831,  ninety-nine  inquests 
were  held  on  the  bodies  of  white  people  killed  by  blacks,  and  of 
course  thero  were  many  more  who  were  not  known ;  and  in  the  same 
period  sixty-nine  Europeans  were  reported  wounded  in  encounters 
with  natives."  Of  the  corresponding  losses  upon  the  other  side  it  is 
not  possible  to  form  an  estimate.  An  unsuccessful  endeavour  was 
made  by  the  Gk)vemmont  to  divide  the  country  between  the  two  races 
by  a  line  of  demarcation,  and  a  proclamation  to  that  effect  was  issued 
on  April  15th,  1828;  but  as  there  were  no  means  of  imparting  a 
knowledge  of  its  contents  to  those  most  concerned,  who  naturally 
imagined  they  had  a  right  to  wander  at  their  free  wiU  through  the 
land  which  was  once  their  own,  it  led  to  no  result.  More  severe 
measures  were  then  tried,  and  on  October  Ist,  1880,  martial  law  was 
proclaimed  against  the  blacks  throughout  the  island,  and  the  famous 
operation  of  the  ^  Line "  commenced.  The  intention  of  this  was  to 
surround  the  whole  of  the  native  tribes  by  a  military  cordon,  reaching 
across  the  island,  and  gradually  to  close  upon  them  and  finally 
drive  them  into  Tasman's  Peninsula,  on  the  east  side  of  the  ishuid, 
which  has  a  narrow  neck,  scarcely  a  mile  in  width,  which  was  after- 
wards to  be  guarded  and  fortified ;  and  here  they  were  to  be  kept» 
while  the  European  population  enjoyed  their  lands  in  peace.  This 
great  operation,  whi(£  employed  nearly  the  whole  population,  military 
and  civil,  for  many  months,  and  cost  Uie  colony,  it  is  said,  upwards  of 
80,0002.,  resulted  in  the  capture  of  a  single  black.  When  the  line 
closed  on  the  neck  of  the  peninsula  it  was  found  that  all  the  rest, 
active,  supple,  and  naked,  acquainted  with  the  passes  and  byways  of 
their  accustomed  hunting-grounds,  had  eluded  the  vigilance  of  their 
would-be  captors.  The  original  number  of  the  natives  appears  by 
this  time  to  have  been  greatly  diminished.  Those  that  had  become 
partially  civilized,  and  had  attached  themselves  as  labourers  and 
dependents  upon  the  European  farms  and  families,  were  dying  out, 
as  such  people  always  do,  under  the  influence  of  the  altered  mode  of 
life,  and  the  habits  (especially  spirit  drinking)  and  diseases  acquired 
by  contact  with  whites ;  and  those  that  retained  their  original  wild 
condition,  were  hunted  from  place  to  place,  and  harassed  by  perpetual 
skirmishes,  not  only  with  the  English,  but  with  each  other ;  for  when 
one  tribe  found  its  land  occupied  by  the  English  it  was  driven  into  the 

*  "  Some  account  of  the   Wars  of  Extirpation  and  Habits  of  the  Native 
Tribc8  of  Tasmania,"  '  Jouru.  Anthrop.  Infit '  vol.  iiL  1872,  p.  7. 
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territory  of  another,  a  Berions  matter  to  people  with  no  reBonrces  for 
food  but  the  chase  in  a  country  not  abundantly  supplied  with  wild 
animaLs.  Under  these  depressing  circumstances  not  only  was  the 
mortality  of  the  adults  great,  but  that  of  the  children  was  greater 
still ;  and  so  it  came  about,  as  was  ascertained  by  the  CTents  now  to 
be  narrated,  though  it  was  not  suspected  by  the  English  colonists, 
that  by  this  time  Uie  entire  native  population  of  the  island  had  been 
reduced  to  little  more  than  800. 

After  the  failure  of  the  "  Line,"  other  methods  were  tried  to  secure 
the  natives,  chiefly  the  offer  of  rewards  for  individual  captures,  but  the 
desired  end  was  finally  achieved  in  a  manner  almost  unexampled  in 
the  history  of  such  transactions.  There  was  at  that  time  living  in 
Hobart  Town  a  man  of  the  name  of  George  Augustus  Bobinson,  a 
bricklayer  by  trade,  of  strong  religious  feelings,  and  of  great  en- 
thusiasm for  the  cause  of  the  oppressed  blacks.  He  had  for  some  time 
entertained  the  idea  of  gradually  reclaiming  and  civilizing  them  by 
methods  of  conciliation ;  and  he  was  well  fitted  for  this  object,  having 
a  remarkable  natural  gift  for  acquiring  influence  over  them  and 
gaining  their  confidence  and  esteem.  He  gathered  round  him  at  a 
place  at  Bruni  Island,  allotted  him  by  the  Government,  as  many  as  he 
could  induce  to  adopt  settled  habits,  taught  them  the  rudiments  of 
European  education,  and  learned  what  he  could  of  their  languages  and 
ideas.  Believing  that  the  only  remaining  hope  for  the  savage  tribes 
was  to  bring  them  under  similar  influences,  he  undertook,  notwith- 
standing their  exasperated  state,  to  go  among  them,  with  a  few 
English  and  native  companions  (among  whom  were  the  two  by  whose 
busts,  now  in  many  of  our  Anthropological  museums,  the  features  of 
the  Tasmanian  will  be  chiefly  known  to  posterity,  Wouraddy,  and  his 
wife  Truganina,  afterwards  celebrated  as  the  last  survivor  of  the  race), 
without  arms  of  any  description,  and  to  persuade  them,  by  promises  of 
protection  and  good  treatment,  voluntarily  to  surrender  their  freedom. 
In  the  course  of  three  years  he  actually  succeeded  in  accomplishing 
his  end.  The  last  party  of  eight,  consisting  of  one  man,  four  women, 
and  three  boys  (one  of  the  latter  being  afterwards  known  as  William 
Lanney,  the  "  last  man  "),  were  taken  at  Western  Bluff,  December  28, 
1834,  and  brought  into  Hobart  Town,  January  22,  1835,  amid  great 
rejoicings  from  the  colonists.  As  the  successive  parties  were  brought 
in  by  Bobinson,  they  were  shipped  off,  first  to  Swan  Island,  then  to 
Gun  Carriage  Island,  and  finidly  established  on  Flinders  Island  in 
Bass  Straits.  The  whole  number  settled  here  scarcely  exceeded 
200.  They  were  fed,  clothed,  and  educated  (most  of  them  learning  to 
read  and  write)  at  Government  expense ;  but  the  unfavourable  climate, 
total  change  of  mode  of  life,  absence  of  all  the  interests  and  excite- 
ments of  the  chase  or  of  war,  and  home-sickness,  told  rapidly  on 
their  health.  They  died  one  after  the  other,  until,  in  October,  1847, 
being  reduced  to  forty-four  in  all — twelve  men,  twenty-two  women, 
and  ten  children — this  renmant,  thoroughly  tamod  and  not  likely  to 
occosion  any  further  alarm  to  the  English  colonists,  were  once  more 
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allowed  io  letom  to  their  native  land.  A  reserve  of  1000  acres  was 
assigned  to  tbem  at  Oyster  Cove,  not  far  from  Hobart  Town,  and  here 
they  were  kept  under  superintendence.  Their  numbers,  however, 
continued  to  decrease  at  the  same  rate  as  before,  and  they  lived  the 
degraded  life  common  to  half-reclaimed  savages,  without  interests, 
occupations,  or  hope.  In  1854,  there  were  three  men,  eleven  women, 
and  two  boys  alive.  On  the  8id  of  March,  1869,  died  the  last  male 
of  the  race,  William  Lanney,  mentioned  before.  He  had  become  a 
sailor,  and  had  made  several  voyages  in  a  whaling  ship,  but  unfortu- 
nately had,  like  so  many  in  his  position,  taken  to  intemperate  habits. 
In  June,  1876,  died  the  last  woman,  Truganina,  or  Lalla  Bookh,  as 
she  was  afterwards  called,  the  faitibful  companion  of  Bobinson's 
conciliatory  missions,  and  who  had  been,  at  least  on  one  occasion,  the 
means  of  saving  his  life. 

I  have  given  this  brief  outline  of  what  may  be  called  the  political 
history  of  the  Tasmanians,  though  perhaps  departing  in  doing  so 
from  the  general  scope  of  the  lecture,  because  of  its  completeness, 
and  of  the  illustration  it  affords,  in  a  concise  form,  of  the  almost 
inevitable  results  of  the  contact  of  two  such  absolutely  different 
races  as  the  English  and  the  Tasmanian.  The  details  of  the  history 
are  saddening  and  painful  in  the  extreme,  and  yet  it  would  be  difficult 
to  say  what  the  world  has  lost  by  the  extinction  of  the  Tasmanian 
aborigines. 

It  appears  tolerably  certain,  from  what  has  been  mentioned  before, 
that  the  Tasmanians  were  not  a  numerous  race,  the  various  estimates 
of  the  whole  population  of  the  island,  at  the  time  of  its  settlement  by 
the  English,  ranging  between  4000  and  7000 ;  so  they  must  have  been 
very  thinly  scattered,  and  many  large  districts  must  have  been  quite 
uninhabited.  Their  isolation  from  all  the  rest  of  the  world  was  more 
absolute  even  than  that  of  the  Australians,  and  they  were  consequently 
inferior  even  to  them  in  all  the  arts  of  civilization.  They  possessed 
no  boats  by  which  the  straits  between  Tasmania  and  the  Aostralian 
land  could  be  crossed,  and  they  show  no  indications  of  ever  having 
been  visited  by,  or  receiving  any  extraneous  culture  from,  natives  of 
any  of  the  Pacific  Islands. 

Like  the  Australians,  they  were  divided  into  numerous  small  tribes, 
each  speaking  a  different  dialect,  as  many  as  nine  having  been 
recognized.  They  had  no  fixed  habitations,  wore  no  clothes  of  any 
kind,  did  not  cultivate  the  ground,  or  keep  domestic  animals,  had  no 
pottery,  and  no  bows  and  arrows.  They  were  inferior  to  the 
Australians  in  not  knowing  either  the  boomerang  or  the  throwing 
stick,  in  having  no  shields,  no  dogs,  and  apparently  not  knowing 
how  to  procure  fire  as  occasion  needed,  as  they  always  carried  with 
them  burning  torches  of  vegetable  fibre,  whicdi  it  was  the  especial 
duty  of  the  women  to  tend  and  keep  alive. 

It  is  difficult,  indeed,  to  imagine  human  beings  living  in  a  lower 
social  condition  ihAn  that  of  the  aboriginal  Tasmanians,  and  yet  the 
partial  education  which  some  of  the  race  underwent  before  their  final 
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extinction,  showed  that  they  posaessed  capacities,  intelligence,  and 
moral  qualities,  hj  no  means  inferior  to  those  of  many  oUier  of  the 
nncivili^ed  races  of  the  world. 

As  might  be  supposed,  the  Tasmanians,  having  lived  in  all 
probability  for  a  great  length  of  time  on  a  restricted  portion  of  the 
earth's  surface,  under  similar  external  conditions,  and  without  any 
intermixture  from  any  alien  race,  have  developed,  or  at  all  events  per- 
petuated, a  very  great  sameness  of  physical  characters;  and  have 
come  to  possess  a  peculiar  structural  type,  by  which,  taken  in  its 
entirety,  they  can  be  distinguished  from  all  other  people. 

It  is  greatly  to  be  regretted  that  so  little  evidence  of  this  has 
been  preserved.  Four  complete  skeletons*  and  less  than  thirty 
skulls,  of  both  sexes  and  various  ages,  in  this  country,  are  all  that  we 
have  by  which  to  estimate  their  stature,  proportions,  and  conformation 
generally.  Their  external  appearance  we  judge  of  by  descriptions, 
some  portraits  more  or  less  indifferent  in  execution,  some  vfduable 
photographs  (though  on  too  small  a  scale)  of  the  latest  survivors,  and 
two  excellent  bnsts,  before  mentioned,  of  a  man  and  a  woman  modelled 
by  Mr.  Murray,  of  Hobart  Town.  Of  their  remaining  anatomical 
structure,  nothing  will  ever  be  known ;  in  &ct  we  must  now,  when 
speaking  of  them  zoologically,  treat  thom  as  we  do  fossil  animals,  and 
rely  chiefly  on  their  bones  for  distinguishing  characters;  and  the 
habit  of  burning  their  dead,  which  prevailed  as  long  as  they  remained 
in  their  natural  condition,  renders  these  far  scarcer  than  could  be 
wished.  It  is  greatly  to  be  hoped,  however,  that  the  present  occupiers 
of  their  land,  who  have  profited  so  largely  by  their  extinction,  will 
spare  no  pains  to  search  for,  and  secure  to  science,  all  that  still 
remains  of  the  race,  which  they  or  their  predecessors  have  been  the 
means  of  destroying. 

The  height  of  the  Tasmanians  is  stated  to  have  been  somewhat 
below  that  of  the  Australians,  but  they  were  of  rather  stouter  build, 
their  bones  being  generally  less  slender.  The  average  height  of  the 
three  male  skeletons  in  England  is  5  feet  8}  inches,  that  of  the  female 
4  feet  7^  inches.  Of  course  these  numbers  are  too  small  to  place 
much  value  upon ;  but  they  do  not  differ  greatly  from  Mr.  G.  A. 
Robinson's  measurements  of  twenty-three  Tasmanian  men,  whose 
height  varied  between  5  feet  1  inch  and  5  feet  H  inches,  the  average 
being  5  feet  3f  inches,  and  of  twenty-nine  women,  who  were  between 
4  feet  3  inches  and  6  feet  4^  inches,  the  average  being  4  feet 
11^  inches.  In  colour,  they  were  not  unlike  uie  darker  com- 
plexioned  Australians,  but  they  completely  differed  from  that  race, 
or  at  least  £rom  the  great  majority  of  Uiem,  in  the  character  of 
the  hair,  which  was  not  straight,  but  crisp  or  frizzled.    The  women 

*  These  have  all  been  obtained  and  sent  to  EDgland  by  Mr.  Morton  Allpoii, 
of  Hobart  Town.  Two  are  in  the  Musenm  of  the  Boyal  College  of  Snrgeons,  one 
in  that  of  the  Anthropological  Institute,  and  one  in  the  splendid  private  collection 
of  Dr.  Barnard  Davis,  at  Bhelton,  in  Staffordshire. 
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used  to  BhftTe  or  bum  it  off  dose  to  the  scalp,  but  the  men  allowed 
it  to  grow  long,  when  it  aflsnmed  the  form  of  small,  corkscrew 
ringlety  which  they  were  in  the  habit  of  ooyering  with  grease 
and  red  ochre,  giving  it  the  appearance  of  a  mat  or  mop  of  red 
strings  hanging  oyer  the  head  and  neck.  Natorally  its  ccdonr  was 
brown  of  the  darkest  shade,  or  what  is  usually  called  black.  They 
had  a  well-deyeloped  beard  and  whiskers,  of  tiie  same  fine  curly  or 
^'frizily''  nature.  In  the  general  character  of  the  features,  they 
do  not  appear  to  have  differed  much  from  the  Australians,  having 
similar  heavy  brows,  short,  broad  noses,  and  wide  mouths. 

The  osteology  of  the  Tasmanians  has  been  described  by  Dr. 
Barnard  Davis  *  and  by  Dr.  Topinard,t  from  materials  in  the  col- 
lections at  Shelton  and  at  Paris.  The  Museum  of  the  College  of 
Surgeons  contains  the  largest  series  of  skulls  at  present  existing,  but 
they  have  hitherto  been  but  imperfectly  and  partially  described. 
They  are  fifteen  in  number,  of  which  three  are  young,  and  therefore 
not  available  for  average  measurements.  Of  tiie  adult  skulls,  six 
appear  to  be  those  of  men  and  six  of  women.  The  sexual  characters 
are  very  well  marked,  the  difference  in  size  being  particularly  striking. 
There  is  no  case  of  artificial  or  pathological  deformation  among  them. 

The  crania  have  the  general  angular  form,  prominent  median  ridge 
above,  and  flattened  upper  parietal  region  noticed  in  the  Australians, 
but  their  special  charaicter  is  a  prominence  of  the  parietal  eminences, 
not  found  in  any  of  the  Australian  crania,  and  developed  to  a  greater 
or  less  degree  in  all,  and  giving  a  greater  latitudinal  index.  This  is 
even  seen  in  the  cranium  of  a  young  infimt,  the  form  of  which  is 
characteristically  different  from  that  of  an  Australian  child  of  corre- 
sponding age.  Most  of  the  skulls  of  this  series  show  the  elevations 
and  depressions  of  the  surface  pointed  out  by  Topinard,  as  dia- 
tinguishing  the  Tasmania  crania  in  the  Paris  collection,  for  a  de- 
scription of  which  I  must  refer  to  the  memoir  cited  above.  Seen  from 
behind,  the  skull  appears  pentagonal,  though  broader  in  proportion 
to  its  height  than  the  Australian.  The  gkbella  is  prcMninent,  and 
overhangs  the  nasals  in  every  case,  even  in  the  females,  though  to 
a  less  extent  than  in  most  Australians.  The  mastoids,  inion,  and 
other  muscular  ridges,  are  rarely  much  developed. 

Having  mentioned  that  there  was  no  case  of  metopism  or  persist- 
ence of  the  frontal  suture  among  the  Australians,  it  is  interesting  to 
note  that  one  of  the  Tasmanian  skulls  in  the  collection,  that  of  an 
old  woman,  is  metopic,  and  that  the  skeleton  of  an  adult  man  in  the 
Museum  of  the  Antlm>pological  Institute  is  in  the  same  condition.  With 
regard  to  the  ptereon  (and  this  is  important  in  relation  to  the 
formation  of  tlus  region  in  the  Melanesians),  in  no  case  does  the 
squamosal  meet  the  frontal,  though  it  comes  very  near  it  in  fifteen 

*  *<  On  the  Osteology  and  Peculiaritiefi  of  the  Tasmanians."  Throe  Plates. 
*  Nat  Yerhand.  der  HoUandsehe  Maatsoh.  der  Wetenschappen,'  1874. 

t  "  fitude  sur  les  Tasmaniens,"  *  Mem.  de  la  Soo.  d'Antbtop/ 1.  iii.  p.  807. 
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out  of  thirty-four  cases,  and  in  fonrteen  epipterio  bones  are  developed. 
In  only  five  oat  of  the  thirty-four  is  the  spheno-parietal  suture  longer 
than  half  a  centimetre. 

The  capacity  of  the  Tasmanian  cranium  has  been  estimated,  both 
by  Barnard  Dayis  and  by  Topinard,  as  somewhat  greater  than  that  of 
the  Australian,  and  the  measurements  of  this  series  lead  to  a  similar 
conclusion.  The  average  of  the  six  male  crania  is  1309  cubic  centi- 
metres, or  79*9  cubic  inches;  that  of  the  six  females;  1135  cubic 
centimetres,  or  69*3  cubic  inches;  the  general  average,  1222  cubic 
centimetres,  or  74*6  inches.  Of  course  these  data  are  taken  from 
too  small  a  series  to  be  regarded  as  more  than  approximations.  They 
are  somewhat  lower  than  Siose  given  by  both  the  authors  just  named, 
and  though  something  may  be  due  to  difference  .of  method  of 
measurement,  it  is  clearly  not  entirely  so,  as  in  other  dimensions, 
in  the  estimation  of  which  there  is  no  difficulty,  I  find  that  my  skulls 
are  inferior  to  theirs.  Thus  the  average  horizontal  circumference  of 
the  six  males  is  20*2  (the  maximum  being  20*4),  while  the  skull  at 
the  Anthropological  Institute  is  21  *  3,  the  average  of  six  in  the  Sheltou 
collection  20*6,  and  the  average  of  the  six  measured  by  Topinard  is 
also  20*6. 

As  mentioned  aboTC,  in  consequence  of  the  development  of  the 
parietal  eminence,  the  latitudinal  index  is  considerably  greater  than 
in  the  Australian.  In  my  series  it  varies  between  72  and  80,  the 
average  being  76*0.  It  is  curious  that  this  is  exactly  the  same  as 
the  average  of  nine  skulls  at  Paris  measured  by  Topinard,  but 
the  fourteen  in  the  Sholton  collection  give,  according  to  Dr.  Barnard 
Davis,  a  lower  average,  viz.  between  73  and  74.  The  average  alti- 
tudinal  index  is  72*8,  or  nearly  the  same  as  that  of  the  Australians. 
Individually,  in  twelve  out  of  fifteen  crania  is  the  height  less  than 
the  breadth.  The  superior  width  of  the  skull  lies  wholly  in  the 
parietal  region,  the  average  frontal  and  zyomatic  diameters  not 
differing  appreciably  from  those  of  the  Australians. 

Turning  to  the  fSnoe,  we  fiind  the  principal  features  presenting  a 
great  resemblance  to  those  of  the  Australians.  The  projection  of  the 
jaws,  although  in  one  instance  it  is  so  excessive  as  to  disturb  the 
average  considerably  (the  index  in  this  case  being  113),  is  not 
genenlly  so  great  as  in  the  Australians — only  four  out  of  nine 
capable  of  being  measured  (a  very  insufficient  number  for  obtaining 
an  average  of  so  variable  a  character)  being  within  the  limits  of  true 
prognathy,  four  being  mesognathous,  and  one  truly  orthognathous 
(index  97),  as  defined  above.  The  ophryo-alveolo-«uricular  fiacial 
angle  giyes  an  average  of  67*8,  or  considerably  higher  than  that  of 
the  Australian,  almost  as  high,  in  fact,  as  the  Italian.  The  face  is 
short  from  above  downwards,  the  measurement  N  A  being  less  even 
than  in  the  Australians  (65  for  the  males,  58  for  the  f^uJes),  and 
the  malar  bones  are  small,  yery  shallow  from  above  downwards,  and 
retreating.  The  orbits  are  remarkably  different  in  the  two  sexes ;  in 
the  males  they  are  low  and  elongated,  with  heavy  overhanging  supra- 
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oiliaxy  ridges,  liaTing  an  average  index  of  76*8,  lower  even  than  the 
nude  Australians;  while  in  the  femides  they  are  more  rounded  and 
open,  giving  an  average  index  of  85  *  4,  the  general  average  for  the  race 
heing  80*8,  or  decidedly  microsome.  Broca  gives  the  general  average 
of  the  orbital  index  of  the  Tasmanian  skolLs  at  Paris  at  very  nearly 
the  same  figare,  viz.  79  -  38,  but  he  did  not  find  so  great  a  disorepanoy 
between  the  sexes. 

The  form  of  the  nasal  bones  and  of  the  nasal  aperture  is  not  very 
different  from  that  of  the  Anstralians,  and,  as  with  them,  there  is  no 
example  of  a  leptorhine  nose  among  them.  Two  are  mesorhine  and 
the  remaining  ten  platyrhine,  the  average  index  of  the  twelve  being 
56*8,  which  accords  remarkably  with  Broca's  average  of  56*92, 
fonnd  in  eight  specimens  at  Paris.  The  general  average  of  this  im- 
portant index  is  practically  therefore  the  same  as  in  the  Australian. 

In  the  large  size,  and  strongly  pronounced  character  of  the  teeth, 
the  Tasmanians  resemble  the  Australians ;  in  one  point,  however,  they 
seem  to  differ,  not  only  from  that  but  from  all  other  kindred  races ; 
and  this  is  one  which,  I  believe,  has  not  been  previously  recorded.  It 
is  the  tardy  development  and  irregular  position  of  the  posterior  molars. 
These  teetib  are  generally  of  large  size,  but  there  appears  to  be  too  little 
room  for  them  in  the  jaw,  so  that  only  in  two  out  of  eleven  adult 
skulls  in  which  their  condition  can  be  observed,  are  all  of  them 
normally  placed ;  in  all  the  others,  one  or  more  of  the  wisdom  teeth 
are  either  retained  beneath  the  alveoli,  or  are  in  oblique  or  irr^ular 
positions.  This  is  the  more  remarkable,  as  I  have  never  observed  a 
similar  condition  in  any  single  authentic  Australian  skull,  although 
occasionally,  as  before  mentioned,  small  and  imperfectly  devcdoped 
wisdom  teeth  may  be  found  among  them. 

In  the  three  proportions  of  the  skeleton,  which  have  been 
mentioned,  in  which  ^e  Australian  differs  from  the  European,  viz. 
the  greater  antero-posterior  diameter  of  the  pelvis  as  compared  with 
its  width,  the  greater  length  of  the  tibia  as  compared  with  the 
femur,  and  especially  the  greater  length  of  the  forearm  as  compared 
with  the  humerus,  the  few  Tasmanian  skeletons  which  I  have  ex- 
amined agree  completely  with  the  Australian  type.  The  average  of 
the  pelvic  indices  of  tiie  three  male  Tasmanian  skeletons  in  this 
country  is  98 ;  that  of  the  one  female,  79. 

It  will  be  seen  by  a  reference  to  the  map,  that  Tasmania,  Australia, 
and  the  large,  numerous,  and  closely  placed  islands,  which  lie  between 
the  latter  and  the  Asiatic  continent,  divide  the  two  great  water  tracts, 
called  respectively  the  Indian  and  the  Pacific  Oceans.  The  Pacific 
Ocean  proper  is  studded  over  with  an  enormous  number  of  islands,  all, 
with  the  exception  of  the  New  Zealand  group,  of  moderate  or  small 
size,  and  to  which  the  term  Polynesia  is  collectively  applied.  Al- 
though this  ocean  had  been  traversed  several  times  by  the  enterprising 
Spanish,  Portuguese,  and  even  English  voyagers  of  the  early  part  of 
the  seventeenth  century,  and  the  route  from  the  west  coast  of  America 
to  tho  Malay  Archipelago  was  well  known,  the  discovery  of  the  greater 
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nninber  of  tho  islands  and  the  establishment  of  permanent  relations 
with  their  inhabitants,  was  reserved  for  the  numerous  expeditions 
made  at  the  latter  part  of  the  last  century,  which  had  for  their 
special  object  the  exploration  of  this  then  comparatively  unknown 
region  of  the  world.  Among  these  the  most  memorable,  both  for 
the  extent  of  new  acquisitions  to  knowledge  and  for  the  importance 
of  the  results  upon  the  world's  history,  were  the  three  voyages  of 
Captain  Cook.  At  that  time  the  observation  was  made,  to  quote 
the  words  of  Forster,  who  accompanied  Cook  as  naturalist  in  his 
second  voyage,  that  there  are  *^  two  great  varieties  of  people  in  the 
South  Seas — the  one  more  fair,  well-limbed,  athletic,  of  fine  size, 
of  a  kind,  benevolent  temper;  the  other,  blacker,  the  hair  just 
beginning  to  become  woolly  and  crisp,  the  body  more  slender  and  low, 
and  their  temper,  if  possible,  more  brisk,  but  somewhat  mistrustful. 
The  first  race  inhabits  Otahoite  and  the  Society  Isles,  the  Marquesas, 
the  Friendly  Isles,  Easter  Isle,  and  New  Zealand ;  whilst  the  second 
peoples  New  Caledonia,  Tanna,  and  the  New  Hebrides,  especially 
MallicoUo."  Subsequent  observation  has  fully  confirmed  this  division, 
and  since  the  anatomical  characters  of  the  two  races  have  been  studied, 
it  has  been  found  that  they  show  many  strongly  marked  contrasts. 
This  is  seen  especially  when  pure  types  of  each  have  been  examined, 
for,  as  might  be  expected,  witii  races  living  in  close  proximity,  often 
occupying  the  same  small  island,  and  prone  to  invade  each  other's 
territory,  and  to  make  extensive  migrations  by  sea,  a  great  mixture 
has  taken  place,  not  only  along  the  boundaries  of  uie  respective 
regions  inhabited  by  each,  but  even  extending  at  certain  points  far 
into  the  interior.  As  it  has  become  necessary  to  give  distinctive 
names  to  these  races,  that  of  Polynesian,  at  first  applied  indis- 
criminately to  the  whole,  is  now  usually  restricted  to  the  fairer  race 
of  Cook  and  Forster,  while ''  Melanesian  "  has  been  invented  for  the 
darker  race,  although  this  word  has  frequently  been  used  in  a  wider 
sense  than  I  shall  employ  it  here,  to  include  Tasmanian,  Papuan,  and 
even  Australian.  "  Papuan  "  is  often  also  used  as  a  race-designa- 
tion for  the  people  inhabiting  the  New  Hebrides  and  adjacent  islands ; 
but  the  appropriateness  of  &ese  terms  will  be  better  discussed  after 
the  facts  at  present  known,  connected  with  the  structure  and  distri- 
bution of  the  races,  have  been  stated. 

The  islands  which  at  the  present  time  are  either  wholly  or 
mainly  inhabited  by  the  Melanesian  race,  are  that  group  lying  in  tho 
western  part  of  the  ocean,  not  far  from  the  coast  of  Australia,  and 
joining  at  their  northern  extremity  to  the  great  island  of  Papua  or 
New  Guinea,  the  principal  being  New  Caledonia,  the  New  Hebrides, 
the  Solomon  Islands,  New  Britain,  and  New  Ireland,  which  form 
a  nearly  continuous  semicircular  chain  embracing  the  north-cast 
coast  of  Australia ;  and  lying  somewhat  away  from  the  rest,  the  Fiji 
group,  the  last  but  one  of  the  annexations  of  the  British  empire. 

llie  most  southernmost  and  largest  of  these  is  New  Caledonia, 
about  200  miles  long  and  30  broad.  It  was  discovered  by  Cook  in 
1774  on  his  second  voyage,  and  has  recently  been  taken  possession  of 
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by  the  French,  and  need  as  a  penal  settlemeni  To  tiie  norUi  and 
east  lies  the  long  chain  of  ihe  New  Hebrides,  with  the  Santa  Gros 
Mands  still  farther  to  the  north.  These  were  first  discovered  by  the 
celebrated  Spanish  voyager  Quiros  in  1606,  who  considered  them  to 
be  part  of  a  southern  continent  to  which  he  gave  the  name  of  *'  Tierra 
Austral  del  Espiritu  Santo  " ;  the  latter  part  of  this  name  being  still 
retained  for  the  largest  island  of  the  group,  70  miles  long  by  25  broad. 
They  were  visited  in  1768  by  the  French  Admiral,  Bougainville, 
who,  besides  landing  on  the  "  Isle  of  Lepers,"  did  no  more  than  discover 
that  the  land  was  not  a  continent,  bat  composed  of  numerous  small 
islands,  which  he  named  the  "  Great  Cyclades."  Cook,  in  1774,  made 
a  complete  exploration  of  them,  and  thought  himself  justified  therefore 
in  changing  the  name  to  "  New  Hebrides,"  by  which  they  are  now 
generally  kaown.  He  visited  and  stayed  some  time  at  Mallicollo  and 
Tanna,  but  was  repulsed  by  the  natives  at  Erromango ;  he  also  par- 
tially surveyed  several  of  the  other  islands,  and  gave  the  name  of 
^'  Sandwich  "  to  one,  now  more  generally  known  by  its  native  name  of 
Vati. 

The  New  Hebrides,  and  the  nearly  adjacent  Santa  Cruz  Islandis 
have  not  yet  been  annexed  by  any  European  power,  but  they  have  for 
some  years  past  been  visited  by  the  crews  of  European  vessels, 
actuated  by  very  different  motiVies,  and  producing  very  different  effects 
by  their  visits  on  the  natives.  These  may  be  divided  into  four  classes — 
(1)  traders  in  sandalwood ;  *  (2)  collectors  of  labourers  for  the  planta- 
tions of  Queensland,  F\ji,  &c.,  often  no  better  than  kidnappers :  to 
repress  and  repair  the  infamous  deeds  of  these  two  classes,  came  (3) 
officers  of  the  English  war  vessels  which  cruise  in  those  seas,  some  of 
whom,  as  Captains  Erskine  and  Goodenough,  have  given  interesting 
accounts  of  the  condition  of  the  islands ;  and  (4)  missionaries  of 
various  denominations.  It  is  very  unfortunate  for  the  reputation  of 
the  Melanesians,  that  the  most  striking  historical  events  connecting 
them  with  our  country  have  been  the  murders  of  three  most  excel- 
lent men,  who  were  zealously  labouring  for  their  welfare,  the  Bev. 
J.  Williams,  at  Erromango,  in  1839 ;  Bishop  Patteson,  at  Nukupn, 
in  1871 ;  and  Commodore  Goodenough,  at  Santa  Cruz,  in  1875 — all 
due,  in  great  probability,  to  the  irritation  and  suspicion  caused  by  the 
behaviour  of  previous  visitors  of  different  character  and  motives. 
Captain  Goodenough  himself  wrote,  '*  It  is  remarkable  that  just  in 
proportion  to  the  amount  of  people  who  have  been  taken  away  as 
labourers,  so  are  the  natives  inclined  to  assault  Europeana  Where 
white  men  are  least  known,  the  people  are  most  friendly."  f 

*  One  of  these  men,  after  he  had  taken  in  his  cargo,  was  known  to  fire  in- 
discriminately among  the  natives,  in  order  to  spoil  the  trade  to  those  who  shouM 
come  to  the  island  after  him,  and  so  keep  up  the  pnoe  oi  the  article. — £rskine*s 
*  Journal  of  a  Cruise  among  the  Islands  of  the  Western  Pacific,'  1853,  pp.  390 
and  393. 

t  In  historical  justice,  it  should,  however,  be  recollected,  that  Oook  on  his 
first  visit  to  several  of  the  islands  of  the  Pacific  was  attacked  by  the  natives,  aiKl 
only  avoided  bloodshed  by  abandoning  the  attempt  to  land. 
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Tlie  social  condition  of  all  tlie  natives  of  these  yarions  islands 
when  first  discovered  was  greatly  in  advance  of  that  of  the  Australians 
and  Tasmanians,  as  the  following  extracts  from  Cook's  acconnt  of  his 
landing  in  New  Caledonia,  show : — '*  The  ground  near  the  village  was 
iinelj  cultivated,  being  laid  out  in  sugar-canes,  plantains,  yams,  and 
other  roots ;  and  watered  by  little  rills,  conducted  by  art  from  the  main 
stream,  whose  source  was  in  the  hills.  Here  were  some  cocoanut 
trees,  which  did  not  seem  burdened  with  fruit.  We  heard  the  crowing 
of  cocks,  but  saw  none.  Some  roots  were  baking  on  a  fire  in  an 
earthen  jar,  which  would  have  held  six  or  eight  gallons ;  nor  did  we 
doubt  its  being  their  own  manufacture.  ♦  ♦  ♦  *  The  plantations  were 
laid  out  with  great  judgment,  and  cultivated  with  much  labour.'' 

The  condition  of  the  other  islands  differed  only  in  details.  Their 
inhabitants  possessed  fixed  habitations,  thatched,  and  sometimes  of 
more  than  one  story,  grouped  together  in  villages :  as  just  mentioned, 
they  cultivated  the  ground,  and  they  reared  domestic  animals,  fowls, 
and  in  some  cases  pigs.  They  had  large  double  canoes,  30  feet 
long,  connected  by  a  dock  or  platform,  and  with  a  lateen  sail  or 
sails,  though  of  a  more  clumsy  construction  than  those  of  the  Friendly 
Islands,  as  the  keen  eye  of  the  great  navigator  does  not  fail  to  notice. 
The  men  wore  a  girdle  of  bark  or  leaves,  and  the  women  a  short 
petticoat.  They  had  also  earrings  of  tortoiseshell,  necklaces  or 
amulets  and  bracelets  of  shells  and  stones.  They  fought  with  bows 
and  arrows,  spears  and  darts.  In  many  respects  their  moral  character, 
as  far  as  Cook  was  able  to  judge  of  it,  conti-asted  &vourably  with  that 
of  the  still  more  civilized  and  polished  inhabitants  of  the  Society  and 
Friendly  Islands,  among  whom  he  had  just  been  sojourning.  The 
New  Caledonians  were  "  not  the  least  addicted  to  pilfering,  which  is 
more  than  can  be  said  of  any  other  nation  of  this  sea."  Some  re- 
markable instances  are  related  of  the  honesty  of  the  people  of  Malli- 
collo,  and  the  women  were  everywhere  far  more  reserved  and  decorous 
in  their  behaviour  than  the  true  Polynesians. 

Captain  Goodenough  estimated  the  population  of  the  New  Hebrides, 
Banks,  and  Santa  Cruz  Islands,  in  1875,  at  about  70,000,  but  gives 
striking  evidence  of  its  rapid  decrease  since  the  establishment  of  regular 
intercourse  with  Europeans.  Not  a  single  island  that  he  visited  but 
presented  the  same  appearance  of  diminishing  population. 

It  is  probable  that  the  range  of  the  Melanesian  race  was  at  one 
time  more  extensive  than  at  present,  and  that  they  were  settled  in  the 
islands  where  they  at  present  dwell,  and  also  in  many  others  now 
occupied  by  Polynesians,  before  the  arrival  of  the  last-named  race,  who 
appear  in  many  cases  to  have  supplanted  them.  Even  in  the  true 
Melanesian  area,  geographically  speaking,  there  is  a  considerable 
infusion  of  Polynesian  influence,  apparent  in  the  physical  characters, 
customs,  and  language  of  the  people.  The  inhabitants  of  some  of  the 
Loyalty  Islands,  near  New  Caledonia,  for  instance,  are  almost  pure 
Polynesians,  derived  from  an  immigration  which  took  place  from  Uea 
or  Wallis  Island  in  the  beginning  of  the  last  century.     Among  the 
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New  Hebridean  Islands  there  are  several  Polynesian  colonies  of  quite 
modem  origin.  In  New  Caledonia,  according  to  Bonrgarel  *  the  ycdlow 
race  (Polynesians)  number  about  one-fifth  of  the  whole  popdation, 
the  black  race  (Melanesians)  two-fifths,  the  remainder  being  formed  by 
a  mixture  of  the  two.  The  chiefs,  and  what  may  be  called  the  aris- 
tocracy of  the  island,  mostly  belong  to  the  lighter  race.  On  the 
other  hand,  traces  of  the  former  presence  of  a  Molanesian  population 
are  found  in  some  of  the  central  and  even  eastern  Polynesian  Islands, 
as  far,  according  to  W.  L.  Banken,  as  Nine  ^Savage  Isle),  Penrhyn 
Atoll,  and  Barotonga,t  and  in  all  probability  in  New  Zealaiid.  The 
different  proportions  in  which  the  two  races  are  mixed  is  one  of 
the  circumstances  which  has  given  rise  to  the  diversities  observed  in 
the  appearance  and  character  of  the  inhabitants  of  many  of  the 
islands. 

As  there  is  every  reason  to  believe  that  the  Melanesians  have 
been  established  in  the  islands  they  now  occupy  for  an  immense 
length  of  time,  and  as  they  are  not  naturally  given  much  to  rove  from 
place  to*  place,  like  their  lighter-coloured  neighbours  the  Polynesians, 
strongly  marked,  special  characters  have  been  developed  in  the  in- 
habitants of  the  different  islands ;  and  it  is  probable  that  if  sufficient 
materials  were  collected,  we  might  be  able  to  distinguish  even  by  the 
skull  alone  the  particular  island  from  which  it  was  derived.  Those 
who  doubt  the  ^ue  of  the  cranium  as  a  race-character  may  be  sur- 
prised at  this  assertion ;  but  the  very  few  and  imperfect  observations 
already  made  lead  me  to  think  that  it  is  probably  true.  The  fact 
that  a  skull  brought  from  a  particular  island  witibout  any  history, 
beyond  its  having  been  found  there,  presents  characters  unlike  those 
generoUy  associated  with  the  inhabitants  of  that  island,  proves 
nothing,  as  it  may  have  belonged  to  an  individual  of  another  race, 
who  hnd  found  his  way  there  by  some  accidental  circumstance.  The 
frequent  occurrence  of  such  a  case,  should  convince  collectors  of  the 
necessity  of  obtaining  larger  series  from  each  locality  than  we  are 
now  at  present  contented  with.  The  larger  the  series,  the  more 
chance  is  there  of  obtaining  average  characters  of  the  predominating 
race,  and  of  eliminating  the  influence  of  individual  variations  and 
accidental  mixtures. 

Unfortunately  our  knowledge  of  the  distinctive  characters  of  the 
people  of  the  various  islands  of  the  New  Hebrides  and  Santa  Cruz 
Archipelagos  is  still  most  imperfect,  and  that  of  the  Salomon  Islands 
and  New  Ireland  and  New  Britain  even  more  so.  It  will  be  better, 
therefore,  for  the  present  purpose  to  group  them  all  together,  and 
attempt  to  describe  the  characters  of  what  may  be  considered  as  the 
average  or  generalized  Melanesian  type. 

In  stature  these  people  present  considerable  variation.    Some,  as 

♦  Bourgarel,  **  Df  8  Haoee  de  rOc&nie  Fran^aiBP,"  *  M^m.  de  la  Soc.  d'Anthio- 
pologie  de  PariB,'  vol.  i.  1860. 

t  **Tbe  South  Sia  Wands,"  *  Jonra.  Anthrop.  Inst/  1877. 
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those  of  Mallicollo,  are  decidedly  undersized ;  they  are  described  by 
Cook  as  '*  a  rather  diminntiye  race,"  and  by  Goodcnough  as  "  a  small, 
poor,  weedy  people."  Cook  says,  '*the  people  of  Tanna  are  of 
middle  size,  rather  slender  than  otherwise ;  many  are  little,  bat  few 
tall  and  stout."  Erskine  says,  ''the  people  of  Yati  are  of  larger 
stature  than  the  Tannese."  Goodenough  tells  us,  '^  the  natives  of 
Espiritu  Santo  are  fine-looking  men  compared  to  those  of  Mallicollo, 
and  reminded  me  of  Fijians ; "  but  we  hare  no  accurate  measurements 
of  any  safi&cient  number,  and  there  are  no  skeletons  in  any  of  the 
English  museums. 

Their  head  is  narrow,  the  forehead  especially,  and  often  retreating. 
The  brow  is  not  so  prominent  as  the  Australian.  The  nose  is  narrow 
at  the  root,  but  broad  below,  with  wide  nostrils ;  its  root  is  not  so 
depressed  as  the  Australian,  and  its  dorsum  is  often  prominent  and 
arched.  In  many  cases,  especially  among  the  northern  islands,  it 
assumes  what  is  commonly  described  as  a  "  Jewish  form,"  arched,  and 
with  the  tip  prolonged  downwards.  So  common  does  this  tbrm  of 
nose  appear,  that  it  may  almost  be  considered  characteristic  of  the 
race.  The  whole  face  is  rather  ''hatchet  shaped,"  the  sides  sloping 
away  from  the  middle  line.  The  jaws  are  prognathous  and  the  lips 
thick.  The  complexion,  though  often  called  "black,"  in  common  par- 
lance, is  really  a  dusky  brown  or  chocolate  colour.  By  the  character  of 
the  hair  they  are  distinctly  separated  from  the  Australians,  the  Malays, 
and  Polynesians,  and  allied  to  the  Tasmanians  and  the  Negritos,  or 
black  people  of  the  Malay  Archipelago.  On  the  head  it  is  rather 
coarse,  elliptical  in  section,  and  more  or  less  closely  curled  or  frizzled. 
When  allowed  to  grow  long,  sometimes  it  hangs  down  in  close  spiral 
ringlets,  as  with  the  Tasmanians,  but  it  more  often  forms  a  large  fuzzy 
mop,  standing  out  to  a  considerable  distance  all  round  the  head, 
which  remarkable  coiffure  frequently  occupies  a  considerable  amount 
of  time  and  attention  on  the  part  of  the  owner  to  keep  in  order. 
Though  the  hair  is  always  natimdly  black,  or  nearly  so,  its  colour  is 
often  artificially  modified  by  the  application  of  caustic  lime,  made  from 
burnt  coral,  and  by  various  colouring  agents — a  practice  common 
among  the  inhabitants  of  the  Pacific,  and  which  has  given  rise  to 
reports  of  fair,  brown,  and  red  hair  among  them ;  whereas  black,  or  the 
dark  shade  of  brown  commonly  so-called,  is  the  universal  colour  of 
all  the  races  spoken  of  in  this  lecture,  as  of  the  great  majority  of  the 
people  of  the  world.  The  beard  is  generaUy  well  developed,  as  is 
the  hair  upon  the  limbs  and  chest. 

My  remarks  upon  the  osteological  characters  of  the  Melaneeians 
must,  from  the  paucity  of  materials,  be  limited  to  the  skulls,  and  chiefly 
to  those  in  the  collection  under  my  charge.  These  are  twenty-one  in 
number,  six  from  the  Isle  of  Pines,  a  small  island  near  the  southern 
extremity  of  New  Caledonia ;  three  probably  from  Yati  or  Sandwich 
Island ;  eight  from  Mallicollo,  collected  by  the  late  Conmiodore  Good- 
enough,  and  by  Dr.  A.  Corrie,  Assistant  Surgeon  to  the  '  Pearl ' ;  two 
from  Yanikoro,  and  two  from  the   Salomons.    Crania  from  New 
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Caledonia  haye  been  described  by  Bonrgarel,  and  firom  the  New 
Hebrides  by  Dr.  Barnard  Davis  and  Mr.  Bosk. 

The  skulls  from  Mallicollo  all  present  a  remarkable  flatness  of  the 
frontal  region,  strongly  suggestive  of  artificial  pressure  in  infancy, 
such  as  is,  or  was  formerly,  practised  by  many  of  the  Western 
Americans.  It  is  not,  however,  the  flattening  produced  by  squeezing 
between  two  boards,  as  with  the  inhabitants  of  British  Columbia,  as 
there  is  no  sign  of  counter  pressure  on  the  occiput,  and  no  lateral 
bulging  of  the  cranium.  The  forehead  is  simply  depressed,  the 
remainder  of  the  skull  retaining  its  normal  form.  This  peculiar  con- 
formation of  the  head  attracted  the  attention  of  Cook  and  Forster  in 
the  living  people.  The  latter  says :  "  In  Mallicollo  we  observed  that 
the  greater  part  of  the  skulls  of  the  inhabitants  had  a  very  singular 
conformation;  for  the . forehead,  from  the  beginning  of  the  nose, 
together  with  the  rest  of  the  head,  was  much  depressed,  and  inclining 
backwards,  which  causes  an  appearance  in  the  looks  and  countenances 
of  the  natives  similar  to  those  of  monkeys."  * 

No  evidence  has,  however,  yet  been  obtained  of  the  existence  of 
such  a  practice  among  the  inhabitants,  and  no  crania  from  any  of  the 
other  islands  yet  examined  present  any  sign  of  ii  If  it  should  prove 
to  be  a  natural  conformation,  it  will  be  one  without  parallel  in  any 
known  race;  if  the  result  of  custom,  it  will  be  very  singular,  as 
being  peculiar  to  one  out  of  hundreds  of  islands  of  the  oceanic  area.'j' 

The  average  capacity  of  the  eighteen  Melanesian  skulls  in  the 
collection  which  can  be  measured  is  1320  cubic  centimetres,  or  80*5 
cubic  inches.  This  includes  some  females ;  but  as  there  is  some  diffi- 
culty in  distinguishing  the  sexes  in  several  cases,  I  have  taken  them 
all  together.  It  will  be  observed  that  this  is  higher  than  the  average 
Australian  male  by  about  2  cubic  inches;  showing,  if  so  small  a 
number  of  specimens  can  be  relied  upon,  that  the  Melanesian,  like 
his  nearer  relation  the  Tasmanian,  is  better  endowed  in  this  respect 
than  his  Australian  neighbour. 

The  most  striking  general  character  of  the  cranial  part  of  all  these 
skulls  is  their  great  length  and  narrowness  (see  Fig.  3),  the  sides  being 
remarkably  flat,  especially  in  the  posterior  parietal  region.  In  this  con- 
formation they  difler  totally  from  the  Tasmanians.  The  average  lati- 
tudinal index  among  twenty  skulls  is  70*4,  lower  than  the  Australian, 
and  in  fact  than  any  other  known  race ;  X  and  among  them  are  some  of 
the  longest  and  narrowest  normal  skulls  known,  one  having  an  index 
as  low  as  62.  The  highest  of  the  series  is  75.  The  rd[ative  pro- 
portion of  height  compared  to  breadth  in  skulls  of  the  New  Oede- 

♦  J.  R.  ForsttT,  *  Obaervations  made  during  a  Voyage  Bound  the  World,* 
1778,  p.  267. 

t  Flattening  of  the  occiput  is  not  uncommon  amonp^  the  South  Sea  Islanders, 
as  among  many  other  races ;  but  it  is  probably  undesifi^ned,  and  arises  &om  the 
practice  of  keeping  the  infant  lying  on  its  back  upon  a  hard  board  or  pillow. 

X  It  is  singular  that  the  Eskimo,  though  so  widely  different  in  many  other 
characters,  approaches  nearest  to  the  Melanesian  in  the  lowness  of  the  latitudinol 
cranial  inilex. 
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Fig.  3. — The  upper  surface  of  the  skull  of  a  Helanesian,  from  the  island  of  Vanikoro,  as 
an  example  of  a  dolichocephalic  craniam,  the  relation  of  the  greatest  breadth 
(P  P)  to  the  length  (Op  to  0)  being  as  70  to  100. 


Fig.  4. — The  upper  surface  of  the  skull  of  a  Polynesian,  from  the  island  of  Lifuka 
(Tongan  group),  a  braohy cephalic  cranium,  the  relation  of  the  greatest  breadth 
(P  P)  to  the  length  (Op  O)  being  as  84  to  100.  It  also  shoVs  mctopism,  or 
persistence  of  the  frontal  suture. 
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donianB  has  been  already  commented  upon  by  Dr.  Barnard  Davis, 
who  has  applied  the  term  "  hypsi-stenocephaiic  "  to  them.*  It  is 
remarkable  that  in  this  series  (none  of  which  are  from  New  Cale- 
donia itself,  though  from  neighbouring  islands)  the  height  of  eyery 
skull,  measured  fridm  the  basion  to  the  bregma  exceeds  the  greatest 
parietal  diameter,  and  the  average  altitudinal  index  is  74*6,  or  con- 
siderably greater  than  in  either  the  Australian  or  Tasmanian.  In 
six  skulls  of  New  Galedoniaos,  apparently  of  the  pure  Melanesian  race, 
in  the  Army  Medical  Museum  at  Netley,  the  average  latitudinal 
index  is  70  *  1,  and  the  altitudinal  index  78  *  9.  These  results  nearly 
accord  with  those  obtained  from  the  larger  collection  at  Paris,  the 
respective  indices  of  which,  according  to  Broca,  are  71*8  and  73*7, 
but  these  probably  include  some  specimens  of  the  mixed  race. 

In  no  race  known  does  the  condition  of  the  ptereon  differ  so 
greatly  from  the  average  of  Europeans  as  the  Melanesian.  This  is 
more  especially  seen  in  the  MallicoUo  skulls,  where  it  is  the  exception 
for  the  squamosal  not  to  join  the  frontal  bone,  as  it  does  so  in  ten 
cases  out  of  sixteen  cases,  and  sometimes  very  largely.  Among  these 
eight  skulls  there  are  also  two  cases  of  metopism. 

The  face  is  generally  short,  shorter  even  than  that  of  the  Australian,  * 
but  it  has  much  the  same  general  characters,  as  narrowness  of  the 
frontal  region,  and  weak  and  retreating  malars.  The  prognathism 
is  almost  always  marked,  the  indices  of  the  different  skuUa  in  which 
the  bones  of  the  fftce  are  sufficiently  perfect  to  allow  of  measurement 
never  falling  below  100,  and  rising  as  high  as  111  in  two  and  115 
in  one  case,  the  average  being  105*4.  The  nasal  bones  and  the 
nasal  aperture  are  short  and  broad,  but  the  former  have  not  the 
extreme  reduction  and  flattening  characteristic  of  the  Australian. 
The  index  is  invariably  above  50 ;  the  lowest  being  51  *  1  and 
the  whole  series  averaging  54*9,  or  rather  below  that  of  the  Aus- 
tralian. 

In  the  form  of  the  orbit  the  Mallicollo  skulls  differ  considerably 
from  the  others,  the  upper  margin  being  elevated,  drawn  back  as  it 
were  by  the  depression  of  the  forehead,  so  as  to  give  an  almost 
circular  shape  to  the  opening,  as  in  the  case  of  the  deformed  skulls  of 
the  ancient  Peruvians,  an  argument  in  favour  of  the  artificial  origin  of 
this  conformation.  The  average  of  the  orbital  indices  in  the  skulls 
from  this  island  rises  as  high  as  90,  whereas  in  those  from  the  other 
islands  it  is  not  higher  than  81,  much  the  same  as  the  Aus* 
tralian.  The  prominence  of  the  supraorbital  ridges  and  glabella  is 
occasionally  strongly  pronounced,  but  is  not  universal  as  in  the 
Australians. 

The  lower  jaw,  in  some  cases,  presents  most  of  the  marks  of 
inferiority  of  character  which  have  been  pointed  out  when  speaking 

*  *  On  the  Peculiar  Crania  of  the  Inhabitants  of  certain  Groups  of  Islaads  in 
the  Western  Pacific,'  1866.  Katuurk.  Yerhand.  van  de  Hollandsche,  Maatschappij 
der  Wetenschappen  te  Haarlem,  zxiv.  Deel 
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of  the  Australians.  The  teeth  have  unfortunately  been  lost  in  the 
greater  number  of  the  crania  of  this  series,  so  that  I  am  not  able  to 
give  average  measurements  of  any  value ;  but  they  do  not  appear  gene- 
rally to  have  been  so  large  and  well  developed  as  in  the  Australians. 
In  one  skull  firom  the  Isle  of  Pines,  the  third  molars  are  misplaced, 
as  was  found  to  be  so  frequently  the  case  with  the  Tasmanians. 

People  having  very  much  the  same  physical  characters  as  the 
Melanesians  inhabit  the  islands  of  the  Louisiade  Archipelago,  those 
of  Torres  Straits,  and  a  very  considerable  part  of  New  Guinea,  and 
even  some  of  the  islands  farther  west,  as  Aru,  Timor,  QUolo,  &e. 
The  exploration  of  New  Guinea  in  an  ethnological  sense  is  only  now 
commencing,  and  promises  a  most  interesting  fature.  The  greater  part 
of  the  island  is  certainly  inhabited  by  a  darknskinned  race,  with  crisp 
or  frizzled  hair ;  indeed  the  name  by  which  they  are  frequently  known, 
^Papuans**  is  said  to  allude  in  the  Malay  language  to  the  latter 
peculiarity.  It  is,  however,  very  doubtful  whether  they  all  possess 
the  uniform  characters  of  the  genuine  Melanesian.  In  a  collection 
of  skulls  lately  presented  to  the  Museam  of  the  College  of  Surgeons 
from  the  east  end  of  the  island,  by  Dr.  P.  Comrie,  late  of  H.M.  ship 
'  Basilisk,'  while  some  present  the  characteristic  form  of  that  race, 
others  are  short  and  round,  and  have  f&dsl  characters  indicating 
either  Polynesian,  Malay,  or  Negrito  mixture.  The  same  appears  to 
be  the  case  in  other  parts  of  the  island. 

The  Museum  of  the  College  contains  seven  skulls  of  adult  males 
from  islands  in  Torres  Straits,  chiefly  Erroob  or  Damley  Island, 
collected  by  Mr.  Jukes  during  Captain  Blackwood's  Survey  in  1842-46, 
and  by  Mr.  Huxley  in  Captain  Owen  Stanley's  Survey  in  1847-60. 
The  average  cranial  capacity  of  these  skulls  is  1340  cubic  centimetres, 
or  82  cubic  inches ;  the  average  latitudinal  index,  72*6  ;  the  average 
altitudinal  index,  75*6 ;  gnathic  index,  105;  orbital  index,  84*2 ;  and 
nasal  index,  52  *  8  ;  so  that  except  that  the  last  measurement  is  some- 
what lower  (but  it  is  only  ta^en  from  five  skulls,  the  other  two 
having  the  face  damaged)  and  the  breadth  rather  greater,  there  is  little 
to  distinguish  them  from  the  New  Hebrideans.  In  culture  these 
people  are  quite  on  a  par  with  the  last,  and  contrast  strongly  with 
the  Australians  with  whom  they  come  in  contact  at  Cape  York. 

The  inhabitants  of  the  Admiralty  Islands  to  the  n(»rth  of  New 
Guinea,  on  which  no  European  landed  until  it  was  visited  by  the 
*  Challenger '  in  March,  1875,  appear  to  belong  to  the  same  race, 
according  to  an  interesting  description  of  them  by  Mr.  H.  N.  Moseley,* 
but  their  cranial  characters  have  not  yet  been  described. 

Black-skinned  people,  with  dose  curly  hair,  have  long  been  known 
to  exist  still  farther  to  the  west  of  the  Malay  Archipelago,  in  the 
Philippines,  the  Andamans,  and  even  the  interior  of  the  Malay  Penin- 

*  **  On  the  Inliabitants  of  the  Admiialty  Islands,"  *  Journal  of  the  Autbropo- 
logical  Institute/  May,  1877. 
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sola.  As  long  as  very  little  was  known  of  their  anatomical  conforma- 
tion, they  were  confonnded  with  the  Melanesians,  and  the  name 
*'  Negrito/'  first  applied  to  them  by  the  Spaniards  in  Luzon,  has  often 
been  used  for  all  the  people  having  these  two  characters,  dark  com- 
plexions and  frizzly  or  woolly  hair,  thronghont  the  Indian  Archi- 
pelago and  Pacific  Ocean,  even  as  far  as  Tasmania.  More  complete 
information  has,  however,  shown  that  the  blacks  of  the  western  and 
northern  Malay  region  differ  in  many  characters  from  the  Melanesians^ 
and  I  shall  follow  QuatrefiAges  in  restricting  the  term  ''Negrito"  to 
ihem* 

They  are  found  at  present  in  the  most  unmixed  condition  in  the 
Andamans,  a  chain  of  long,  narrow  islands,  in  tiie  Bay  of  Bengal, 
about  20  miles  in  breadUi  and  140  in  length,  and  divided  by 
several  narrow  channels.  These  islands  were  surveyed  in  1789  by 
Lieut.  Blair,  of  the  East  India  Company's  Service,  and  a  penal  settle- 
ment founded  upon  them,  but  this  was  abandoned  a  few  years  after* 
wards ;  and  the  islands  were  not  visited  by  Europeans  again  until  in 
1857,  after  the  Indian  Mutiny,  a  commission,  consisting  of  Drs.  Mouat 
and  Playfair  and  Lieut  Heathcote,  was  sent  to  examine  them,  and  in 
consequence  of  their  report,  Port  Blair  was  established  as  a  convict 
settlement  for  our  Indian  possessions. 

The  islands  were  inhabited  by  a  peculiar  race  of  people,  who 
must  have  lived  in  them  for  a  great  length  of  time,  with  very  little,  if 
any,  admixture  from  other  races,  and  have  consequently  acquired 
strongly  marked  and  very  uniform  characteristics.  Their  warlike 
disposition,  notwithstanding  their  diminutive  size,  and  their  im* 
placable  hostility  to  strangers  who  were  led  by  accident  or  design 
to  their  shores,  have  been  the  chief  causes  of  their  isolation.  The 
earliest  accounts  that  were  published  of  their  condition  led  to  the 
beb'ef  that  their  moral  and  social  organization  was  upon  the  lowest 
scale,  and  that  they  were  among  the  most  degraded  of  mankind; 
but  the  larger  experience  which  has  been  acquired  since  the  esta- 
blishment of  the  settlement,  the  elaborate  memoir  of  Quatrefagee,* 
containing  references  to  all  that  had  previously  been  written,  the 
more  recent  information  furnished  on  personal  observation  by  I)ay,f 
Dobson,|  and  others,  and  the  very  detailed  account  of  the  customs  and 
arts  of  the  Andamanese  lately  transmitted  to  the  Anthropological 
Institute,  with  a  large  collection  of  their  weapons  and  manufao* 
tures,  by  Mr.  Man,  has  caused  a  considerable  modification  of  this 
idea. 

The  numerous  photographs  which  have  been  taken  and  sent  to  this 
country  give  a  very  good  idea  of  their  external  physical  characters, 
and  a  close  examination  of  them  shows  that  the  resemblance  to 
African  negroes,  which  appears  to  strike  everyone  who  sees  them 

♦  "  £tude  BUT  lea  Minoopies,"  *  Revue  d*Anthropologie,*  tome  i.  p.  37, 1872. 

t  *  Proc.  Asiftt  Soo.  Bengal,'  June,  1870,  p.  153. 

X  *  Journal  of  the  Anthropological  Institute/  vol.  iv.  p.  457. 
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for  tHe  first  time,  is  rather  superficial,  and  depending  mnch  upon 
colour  and  the  character  of  the  hair,  though,  by  the  way,  this  last  is 
seldom  seen,  as  both  men  and  women  have  an  almost  uniyersal  custom 
of  keeping  the  head  closely  shaved.  When  the  hair  does  grow, 
however,  it  is  found  to  be  as  finely  ^zzled.  as  that  of  the  most 
"  woolly-headed "  African.  A  specimen  sent  home  by  Mr.  Man, 
for  which  I  am  indebted  to  General  Lane  Fox,  is  smaller  in  trans- 
verse section  and  more  flattened  than  that  of  any  Melanesian  or 
Papuan  which  I  have  examined,  and  very  nearly  as  much  so  as  the 
hair  of  the  Bushmen  of  South  Africa.  Whether  the  men  are  full- 
bearded  I  cannot  say,  as  the  fiice  is  always  as  carefully  cleared 
of  hairy  appendages  as  the  scalp.  The  head  is  very  short  and 
round,  the  forehead  flat  and  tolerably  full;  the  space  between  the 
eyes  wide ;  the  nose  small,  straight,  and  not  very  broad.  In  photo- 
graphs of  the  full  face  of  Australians,  Melanesians,  and  African 
negroes,  the  width  between  the  outer  margins  of  the  alsa  nasi  is 
usually  fully  one-third  of  the  whole  breadth  of  the  face,  sometimes 
more,  rarely  less,  corresponding  to  the  platyrhine  character  of  the 
nasal  aperture.  In  the  Andamanese  it  is  scarcely  more  than  one- 
fourth,  as  in  the  mesorhine  races.  The  jaws  are  not  particularly 
prominent,  nor  the  lips  developed  and  everted  to  anything  like  the 
extent  of  the  African  negro,  scarcely  more,  in  fact,  than  in  most 
Malays.     The  chin  appears  rounded  and  well  formed. 

These  characters  are  taken,  as  I  have  said,  only  from  the  inspec- 
tion of  photographs,  but  they  are  strongly  confirmed  by  examination 
of  the  actual  crania.  The  number  of  specimens  available  till  the  last 
few  years  were  very  few,  but  now  is  rapidly  increasing,  and  I  hope 
in  a  short  time,  through  the  kind  assistance  of  Dr.  J.  Dougall, 
Burgeon-Major,  H.M.  Madras  Army,  Senior  Medical  Ofi&cer  at  Port 
Blair,  to  have  materials  enough  to  draw  up  a  complete  account  of 
their  osteology.  At  present  I  will  only  indicate  some  of  the  more 
important  points  regu*ding  the  cranium,  founded  on  the  examination 
of  nine  specimens,  two  belonging  to  the  Middlesex  Hospital  Museum,* 
one  in  the  Army  Medical  Museum  at  Netley,  and  six  in  the  Museum 
of  the  College  of  Surgeons.  Of  these,  five  are  males  and  four  are 
females.  As  the  numbers  are  so  nearly  equal,  and  the  difiereuces 
between  them  are  not  great,  they  may  be  taken  together  in  the 
following  average  measurements.  In  accordance  with  the  dimi- 
nutive size  of  tibe  race  (for  the  men  are  said  to  average  somewhat 
under  5  feet,  and  the  women  less),  the  crania  are  of  very  small 
general  size,  the  average  circumference  being  471  centimetres,  or 
18*5  inches,  and  the  average  capacity  1184  cubic  centimetres  =  72 
cubic  inches,  the  highest  being  1280  =  78,  the  lowest  1100  =  67. 
The  antoro-posterior diameter  averages  164  centimetres,  or  6*5  inches. 
The  breadth  of  the  skull  in  the  parietal  region  considerably  exceeds 
the  Tasmanian,  giving  a  latitudinal  index  which  varies  in  the  nine 

♦  These  were  described  by  Mr.  Busk,  in  *  Trans.  Etlmol.  Soc/  June,  1865. 
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skulls  under  oonsideration  between  77  (which  is  quite  exceptional  and 
perhaps  somewhat  malformed)  and  85,  the  average  being  81  *  7.  This 
is  corroborated  by  the  measurements  of  four  skulls  of  Mincopies  (as 
the  Andamanese  are  sometimes  called)  in  the  collection  of  Dr.  Barnard 
Davis,  the  average  of  the  indices  of  which  is  81 ;  so  we  have  here  a 
truly  brachycephalio  race.  Exactly  contrary  to  what  obtains  among 
the  Melanesians,  the  height  is  in  every  case  less  than  the  breadth,  the 
average  altitudinal  index  being  77  *  7.  This  relation  is  more  due  to 
the  breadth  being  excessive  than  to  the  skull  being  low  in  proportion 
to  length,  as  it  will  be  seen  that  the  last-named  index  is  higher  than 
that  of  any  other  of  the  races  we  have  hitherto  considered.  The 
general  contour  of  the  cranium  is  more  rounded  and  *'  well  filled" 
than  in  any  of  those  races.  The  forehead  is  flat,  the  glabella  very 
little  developed,  and  with  no  marked  depression  beneath.  The  nasal 
bones  are  straight  and  tolerably  well  formed,  the  aperture  of  mode- 
rate width,  the  nasal  index  varying  between  47  and  53,  the  average 
being  50  *  6,  so  that  they  are  distinctly  mesorhine.  The  orbits  of  ^e 
males  and  females  appear  to  differ  nearly  as  much  as  in  the  Tas- 
manians,  the  index  of  the  former  being  85*6,  of  the  latter  90*7. 
Some  few  of  the  crania  show  a  considerable  amount  of  alveolar 
prognathism,  but  generally  much  less  than  in  any  of  the  other  black 
races.  The  average  is  only  100  *  3,  so  they  may  be  considered  as  a 
race  to  be  mesognathous.  The  whole  profile  of  the  fsu^,  from  the 
middle  of  the  forehead  to  the  alveolar  margin,  is  remarkably  straights 
People  of  small  stature,  with  dark  slans,  round  heads,  and  curly 
hair,  apparently  allied  to  the  Andamanese,  have  been  found  in  either  a 
pure  or  mixed  state  in  the  interior  of  the  Malay  Peninsula  ^where 
they  are  called  Semangs),  in  several  of  the  Philippine  Islands  (called 
Aetas),  in  Formosa,  and  even  as  far  north  as  the  Japanese  ishind  of 
Eiou-siou.  Their  range  appears  formerly  to  have  been  more  ex- 
tensive, as  they  are  supposed  to  have  contributed  something  to  the 
very  mixed  population  of  the  mainland  of  Southern  India,  and  their 
influence  may  be  traced  without  much  doubt  into  New  Guinea,  and 
even  Borneo.  All  these  indications  appear  to  show  that  the  present 
scattered  and  isolated  Negrito  populations,  chiefly  inhabiting  com- 
paratively inaccessible  regions  in  the  forest-dad  mountain  ranges  in 
the  interior  of  the  islands,  are  the  remnants  of  a  race  which  once 
spread  over  a  wide  area  of  south-eastern  Asia,  but  have  been 
^adually  dispossessed  of  their  territory  by  the  encroachments  of 
other  races,  especially  the  Malays,  of  whom  I  must  speak  next  The 
whole  of  the  evidence  which  has  at  present  been  collected  on  this 
subject  will  be  found  in  the  great  work  'Crania  Ethnica'  of 
Quatrefages  and  Hamy,  now  in  the  course  of  publication. 

The  Malays  at  present  occupy  the  southern  half  of  the  Malay 
Peninsula,  and  almost  the  whole  of  the  Archipelago  which  is  not  stiU 
in  possession  of  the  darker,  frizzled-haired  people  already  spoken  of. 
Though  a  totally  distinct  race,  and  when  pure  presenting  most 
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opposite  physical  oharacterisiicB  to  tHe  latter,  a  great  miztare  has 
occurred  at  many  points  where  they  inhahit  common  ground,  and  it 
is  often  difficult  to  determine  which  element  prevails  most  strongly  in 
some  of  tiie  islands  near  the  junction  of  the  territory  mainly  inhabited 
by  each.  I  should  also  mention  that  there  is  some  evidence  of  the 
existence  of  a  third  race,  in  the  island  of  Gilolo  and  elsewhere,  which 
appears  to  possess  the  characters  of  neither  Malay,  Negrito,  nor 
Melanesian,  or  such  as  would  probably  be  derived  from  a  blending  of 
either ;  but  very  little  is  at  present  known  about  them.* 

Mr.  A.  R  Wallace,  whose  great  opportunities  of  studying  the 
appearance  and  character  of  the  Malay  race  are  so  well  known,  has 
given  the  following  graphic  description  of  them : — f 

"  The  true  Malay  race,  as  distinguished  from  others  who  have 
merely  a  Malay  element  in  their  language,  present  a  considerable 
uniformity  of  physical  and  mental  characteristics,  while  there  are 
very  great  differences  of  civilization  and  of  language.  They  consist 
of  four  great  and  a  few  minor  semi-civilized  tribes,  and  a  number  of 
others  who  may  be  termed  savages." 

1.  Malays  proper,  inhabiting  the  Malay  Peninsula,  and  almost 
all  the  coast  regions  of  Borneo  and  Sumatra. 

2.  The  Javanese,  Java,  part  of  Sumatra,  Madura,  Bali,  and 
Lombock. 

8.  The  Bugis,  Celebes. 

4.  The  Tagalas,  the  Philippine  Islands. 

The  savage  Malays  are  the  Dyaks  of  Borneo,  the  Battaks  and  other 
wild  tribes  of  Sumatra,  the  Jakuns  of  the  Malay  Peninsula,  &c. 

'^  The  colour  of  all  theso  varied  tribes  is  a  light  reddish-brown, 
with  more  or  less  of  an  olive  tinge,  not  varying  in  any  important 
degree  over  an  extent  of  country  as  large  as  all  Southern  Europe.  Tho 
hair  is  equally  constant,  being  invariably  black  and  straight,  and  of  a 
rather  coarse  texture,  so  that  any  light  tint,  or  any  wave  or  curl  in  it, 
is  an  almost  certain  proof  of  tiie  admixture  of  some  foreign  blood. 
The  face  is  nearly  destitute  of  beard,  and  the  breast  and  limbs  are  free 
from  hair.  The  stature  is  tolerably  equal,  and  is  always  considerably 
below  that  of  the  average  European ;  the  body  is  robast,  the  breast 
well  developed,  the  feet  small,  thick  and  short,  the  hands  small  and 
rather  delicate.  The  face  is  a  little  broad,  and  inclined  to  be  flat ;  the 
forehead  is  rather  rounded,  the  brows  low,  the  eyes  black,  and  very 
slightly  oblique ;  the  nose  is  rather  small,  not  prominent,  but  straight 
and  well  shaped,  the  apex  a  little  rounded,  the  nostrils  broad  and 
slightly  exposed ;  the  cheek  bones  are  rather  pronunent ;  the  mouth 
large,  the  lips  broad  and  weU  cut,  but  not  protruding ;  the  chin  round 
and  well  formed. 

^  In  this  description  there  seems  little  to  object  to  on  the  score  of 


*  Bee  Hamy,  ''Lea  Alfooroua  de  Gilolo,**  *  Bulletin  de  la  Soci^t^  do  Qeo- 
'*     Mai,  1877. 

Malay  Aichipelago,'  vol.  ii.  p.  270. 
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beauty,  and  yet,  on  the  whole,  the  Malays  are  certainly  not  handsome. 
In  youth,  however,  they  are  often  very  good-looking,  and  many  of  the 
boys  and  girls,  up  to  twelve  or  fifteen  years  of  age,  are  very  pleasing, 
and  some  have  countenances  which  are,  in  their  way,  almost  perfect. 
I  am  inclined  to  think  tbey  lose  much  of  their  good  looks  by  bad 
habits  and  irregular  living.  At  a  very  early  age  they  chew  betel  and 
tobacco  almost  incessantly ;  they  suffer  much  want  and  exposure  in 
their  fishing  and  other  excursions;  their  lives  are  often  passed  in 
alternate  starvation  and  feasting,  idleness  and  excessive  labour — 
and  this  naturally  produces  premature  old  i^  and  hiirshness  of 
features. 

•*  The  Malayan  race,  as  a  whole,  undoubtedly  very  closely  resembles 
the  East  Asian  population  from  Siam  to  Mandchouria.  I  was  much. 
struck  with  this,  when  in  the  island  of  Bali  I  saw  Chinese  traders 
who  had  adopted  the  costume  of  that  country,  and  who  could  then 
hardly  be  distinguished  from  Malays ;  and,  on  the  other  hand,  I  have 
seen  natives  of  Java,  who,  as  far  as  physiognomy  was  concerned, 
would  pass  very  well  for  Chinese. 

"  It  appears,  therefore,  that  whether  we  consider  their  physical 
conformation,  their  moral  characteristics,  or  their  intellectual  capa- 
cities, the  Malay  and  Papuan  [i.  e.  Melanesian]  races  offer  remarkablo 
differences  and  striking  contrasts.  The  Malay  is  of  short  stature, 
brown-skinned,  straight-haired,  beardless,  and  smooth-bodied.  The 
Papuan  is  taller,  is  black-skinned,  frizzly-haired,  bearded,  and  hairy- 
bodied.  The  former  is  broad -faced,  has  a  small  nose,  and  flat  eye- 
brows ;  the  latter  is  long-faced,  has  a  large  and  prominent  nose  and 
projecting  eyebrows.  The  Malay  is  bashful,  cold,  undemonstrative, 
and  quiet ;  the  Papuan  is  bold,  impetuous,  excitable,  and  noisy.  The 
former  is  grave,  and  seldom  laughs  ;  the  latter  is  joyous,  and  laughter- 
loving — the  one  conceals  his  emotions,  the  other  displays  them." 

There  is  certainly  no  very  great  uniformity  in  the  characters  of 
the  skulls  in  our  collections  which  are  said  to  belong  to  Malays.  But 
at  present  craniology  is  labouring  under  a  great  disadvantage,  owing 
to  paucity  of  materials  and  want  of  accuracy  in  the  indications  as  to 
the  precise  origin  of  the  specimens  with  which  we  have  to  work,  and 
hence  is  open  to  the  criticisms  which  Wallace  and  others  have  be- 
stowed upon  it,  as  in  the  work  just  quoted.  If  we  group  in  one 
category  a  varied  series  of  skulls  from  the  Malay  Islands,  which  may 
be  composed  in  greater  or  less  proportion  of  true  Malays,  of  Negritos, 
of  Melanesians,  of  Chinese,  Spanish,  Dutch,  and  even  English,  we  shall 
have  much  difficulty  in  assigning  to  them  any  common  distinctive 
characters.  Endeavouring  as  much  as  possible  to  avoid  this  source  of 
confusion,  I  have  selected  seven  male  skulls,  which  appear  to  me  to  be 
characteristic  of  the  Malay  race  in  its  purest  form,  and  from  them 
have  taken  the  following  averages.  In  general  conformation  they 
present  as  great  a  contrast  to  the  Papuan  or  Melanesian  type, 
as  has  been  noted  in  the  external  and  mental  qualities  of  the  re- 
spective races.     On  the  other  hand^  their  resemblanoe  to  the  Negrito 
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skulls  is  very  singular :  except  in  size,  many  of  tHe  Malay  and  the 
Andamanese  skulls  are  wonderfully  alike.*  In  capacity  these  skulls 
average  1424  cubic  centimetres,  or  86  *  9  cubic  inches,  or  considerably 
higher  than  those  of  any  of  the  races  hitherto  spoken  of,  and  nearly 
equal  to  that  of  the  Italians.  They  are  all  more  or  less  short  and 
round,  the  average  latitudinal  index  being  81*4,  so  that  they  are 
equally  brachycephalic  with  the  Andamanese.  The  height  is  in  every 
case  less  than  the  width,  the  average  index  being  76 '  4.  The  sutures 
are  generally  very  complex ;  the  ptereon  in  no  case  shows  a  union  of 
the  squamosal  and  frontal  bones  so  common  in  the  Melanesian ;  the 
forehead  is  flat  and  smooth,  without  projection  of  the  glabella  or 
supraciliary  ridges ;  the  nasal  bones  are  flat  and  straight,  the 
aperture  mesorhme,  the  average  index  bein^  50*5;  the  orbits  are 
fairly  round,  the  average  index  being  90  (megaseme);  the  malar 
bones  are  large  and  prominent,  the  lower  part  especially  projecting 
forward,  quite  differently  from  that  of  the  Australian  and  Melanesian  ; 
the  outer  margin  of  the  orbit  is  placed  on  a  much  more  forward  level 
than  in  those  races,  causing  the  whole  face  to  be  broader  and  flatter. 
This  is  a  character  which  allies  the  Malays  with  the  Mongolian 
people  of  the  continent  of  Asia,  in  whom  it  is  very  strongly  pro- 
nounced. The  face  is  rarely  prognathous,  usually  the  reverse,  the 
average  index  in  these  examples  being  98' 2;  so  that,  taken  together, 
they  come  into  the  mesognathous  category.  The  palate  is  short  and 
round,  and  the  teeth  small.  Of  the  remainder  of  the  skeleton  I  have 
nothing  of  any  value  to  add  from  my  own  observation* 

The  last,  and  perhaps  in  some  respects  the  most  interesting  and 
important,  of  the  races  of  which  I  shall  have  to  speak  this  evening 
is  the  one  which  has  been  called  Malayo-Polynesian,  Brown  Poly- 
nesian, Mahori,  and  simply  Polynesian.  It  is  the  one  which,  with,  as 
before  indicated,  a  certain  proportion  of  admixture  of  the  Melanesian 
race,  and  with  considerable  local  variations,  forms  the  native  popula- 
tion of  all  the  remaining  islands  scattered  over  the  vast  area  of  the 
Pacific  Ocean.  These  islands,  roughly  speaking,  form  a  triangle, 
with  the  Sandwich  or  Hawaiian  group,  Easter  Island,  and  New  Zea- 
land at  the  three  comers,  at  a  distance  of  5000  miles  apart.  Notwith- 
standing the  apparent  isolation  of  many  of  these,  mere  little  specks  as 
it  were  in  an  illimitable  expanse  of  ocean,  the  greater  number  of  them 
were  when  first  discovered  by  Europeans  in  the  last  century  inhabited ; 
and  what  is  more  remarkable,  inhabited  by  people  having  a  great 
similarity  in  appearance,  in  social  customs,  and  in  language,  so  much 
so  that  no  competent  observer  who  has  studied  them  closely  appears 
to  doubt  that  they  must  have  had  a  common  origin,  and  that  whatever 
diversities  they  may  now  present  must  be  due  to  local  conditions  or 

*  Wallace  has  ab-eady  remarked  that  the  Negritos  *^in  most  important  chnrac- 
ters  differ  more  from  the  Papuan  than  they  do  from  the  Malay.'*  Op.  cit  vol.  ii. 
p.  278. 
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admixture  with  othor  raoes.  The  careMlj  pieflenred  traditionB  of 
the  people  all  tend  to  the  same  conclusion.  The  researohos  of  Hale, 
attached  to  Commodore  Wilkes'  exploring  expedition,  followed  out 
most  ably  by  Quatrefages,*  hare  CTen  led  to  the  construction  of  a  map, 
on  which  are  indicated  the  routes  by  which  the  different  islands  have 
been  peopled,  and  the  dates  at  which  the  various  emigrations  took 
place  have  been  approximately  settled  from  computations  based  upon 
the  genealogies  of  the  reigning  chiefs.  Although  much  of  this  is  of 
course  mere  conjecture,  it  has  only  been  arrived  at  after  a  very  full 
and  careful  collection  of  traditions,  language,  customs,  and  physical 
characters  of  the  inhabitants  of  a  large  number  of  the  islands,  and  it 
forms  a  valuable  basis  for  future  researches  into  the  subject.  Accord- 
ing to  the  view  of  Hale,  adopted  and  modified  by  Quatre&ges,  the 
Polynesians  came  originally  from  the  Malay  Archipelago.  The  island 
of  Boron  is  fixed  upon  by  the  last-named  anthropologist  for  their 
last  point  of  departure,  though  their  earlier  home  may  have  been 
somewhere  in  the  mainland  of  Asia,  where  probably  the  kindred  race 
from  which  the  modem  Malays  are  derived  was  also  developed. 
They  proceeded  eastward,  passing  to  the  north  of  New  Guinea  and 
the  Sidomon  Islands,  which  they  probably  found  already  inhabited 
by  the  black  population,  and  on  which  they  could  not  effect  a  landing, 
and  settled  in  the  Samoan  and  Tongan  Islands,  where  their  descendants 
still  exhibit  the  purest  type  of  the  race.  These  islands,  and  especially 
Savaii,  or  Havaii,  as  it  is  called  in  all  other  Polynesian  dialects 
except  the  Samoan  which  alone  pronounces  tiie  sibilant,  became 
centres,  as  the  population  increased,  for  emigration,  which,  as  these 
people,  like  the  Malays,  are  able  navigators,  was  readily  accomplished. 
This  accounts  for  the  name  Hawaii  recurring  as  the  native  designation 
of  the  Sandwich  Islands,  and  for  the  general  tradition  in  New 
Zealand  and  elsewhere  of  the  ancestors  of  the  present  inhabitants 
having  come  from  an  island  of  that-namcf  For  the  facts  which  have 
been  collected  bearing  upon  the  details  of  these  migrations,  I  must 
refer  to  the  works  just  mentioned. 

The  social  condition  of  the  Polynesians  when  first  discovered  was 
somewhat  in  advance  of  that  of  the  Melanesians.  They  lived  in 
villages  composed  of  large,  airy,  thatched  houses,  cultivated  bread- 

*  *  Lea  Polyn^siens  et  lenr  Migrations,'  Paris,  1866. 

t  In  Cook's  aooount  of  his  first  visit  to  New  Zealand  (in  1770)  he  says : — 
**  Having  now  given  the  best  aooount  in  my  power  of  the  customs  and  opinions  of 
the  inhabitants  of  New  Zealand,  with  their  boats,  nets,  furniture,  and  dress,  I 
shall  only  remark  that  the  similitude  between  these  particulars  here  and  in  Uie 
South  Sea  Islands  [i.  e.  the  Society  Islands]  is  a  very  strong  proof  that  the 
.  inhabitants  have  the  same  origin ;  and  that  the  common  ancestors  of  both  were 
natives  of  the  same  country.  They  have  both  a  tradition  that  their  ancestors,  at  a 
very  remote  period  of  time,  came  from  another  country,  and,  according  to  the 
tradition  of  both,  that  the  name  of  that  country  was  Jleawije  ;  but  the  similitude  of 
the  language  seems  to  put  the  matter  out  of  doubt."  *  Voyages  by  Hawkeswortb,* 
vol.  iii.  p.  473,  1773.  'This,  it  must  be  observed,  was  written  before  the  discovery 
of  the  North  Pacific  Hawaii  (Cook's  Owyhee),  or  the  Samoan  Savaii  or  Havaii. 
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fruit,  cocoa-nntey  plantainfi,  yams,  shaddockB,  Bwoet  potatoes,  and 
BngarH^ane.  As  domestic  animals,  they  kept  pigs,  fowls,  and  dogs. 
They  mostly  wore  some  kind  of  clothing,  generally  made  of  a 
kind  of  clotii  mann&ctnred  from  the  inner  bark  of  a  tree.  The 
practice  of  very  elaborate  and  artistic  tattooing  of  the  skin  prevailed 
extensively.  They  had  no  metals,  and  generally  no  pottery,  bnt 
used  stone  axes,  shells,  gourds,  &c.,  for  domestic  purposes.  Their 
weapons  were  bows,  spears,  and  dubs.  Their  large  and  finely  built 
canoes  excited  the  admiration  of  so  good  a  judge  as  Oook,  and  their 
skill  in  handling  them  gained  for  one  group  the  title  of  **  Navigator 
Islands  "  from  £e  French  Admiral  Bougain^e.  They  were  governed 
by  chiefs,  and  had  an  hereditary  aristocracy,  who  preserved  their 
pedigrees  with  great  care,  and  they  possessed  many  complex  social 
customs,  among  which  that  of  the  "taboo"  was  one  of  the  most 
influential  in  its  effects  on  their  daily  life. 

The  agreeable  and  courteous  manners  of  these  people,  and  their 
docility  and  generosity,  always  impress  those  who  come  in  contact 
with  them,  although  when  excited,  as  in  the  not  infrequent  wars 
among  themselves,  they  are  capable  of  great  cruelty,  and  human 
sacrifice  and  cannibalism  prevailed  extensively  in  many  of  the  islands. 
Indolence,  and  a  considerable  laxity  in  several  points  of  social  morality, 
are  also  among  their  failings.  As  is  well  known,  they  have  shown 
a  great  aptitude  to  adapt  themselves  to  the  external  usages  at  least  of 
European  civilization,  and  the  primitive,  picturesque,  if  barbarous 
mode  of  life  is  everywhere  rapidly  giving  way  to  an  imitation  of 
English  or  American  institutions,  dress,  and  customs.  Hawaii,  which 
exactly  one  hundred  years  ago  came  for  the  first  time  in  contact  with 
European  influence,  by  its  accidental  discovery  by  Cook  on  his  way  to 
explore  the  north-west  passage  by  Behring's  Straits,  has  now,  though 
still  under  native  rule,  its  constitutional  government  by  king,  lords, 
and  commons,  its  churches,  its  schools,  its  newspapers,  and,  as  an- 
nounced within  the  last  few  days,  its  railway. 

With  the  disappearance  of  the  ancient  customs,  strange  to  say,  the 
peojiple  are  themselves  disappearing.  All  accountis  tell  us  of  a  steady 
dimmution  of  the  population,  not  only  in  islands  where,  as  in  New 
Zealand,  Eiuopeans  have  invaded  and  practically  annexed  the  land,  and 
so  curtailed  the  means  of  subsistence  of  the  natives,  but  oven  in  otiiers 
where  the  original  independence  has  been  retained,  the  introduction 
of  European  institutions  and  customs,  good  and  bad,  and  especially  of 
diseases  before  unknown  in  those  seas,  appear  to  have  a  blighting 
effect  upon  the  vitality  of  the  islanders.  We  all  remember  how  viru- 
lently destructive  was  measles,  accidentally  introduced  among  our  new 
fellow-subjects  in  the  Fiji  Islands  a  very  few  years  ago ;  and  pulmonary 
consumption,  apparently  unknown  in  former  times,  now  occasions  an 
immense  mortality.  The  cause  of  the  rapid  diminution  of  the  Poly- 
nesian population  is,  however,  too  large  and  complex  a  question  to  be 
discussed  here ;  the  &ct  is,  however,  well  attested.  As  an  example, 
in  the  Hawaiian  Islands,  leaving  out  of  the  question  the  probably 

Vol,  VIII.    (No.  69.;  2  t 
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exaggerated  eetimate  of  Cook,  Binoe  a  regalar  oensos  has  been  esta- 
bli^ed,  the  popalaftion  has  diminished  from  130,000  in  1832  to  60,000 
at  the  present  time. 

Nearly  all  who  have  had  personal  opportunities  of  observation, 
agree  that  the  inhabitants  of  the  Samoan  or  Navigator  Islands,  and  of 
the  neighbouring  Tonga  or  Friendly  Islands  of  Cook,  may  be  looked 
upon  as  the  most  typical  representatiYes  of  the  Polynesian  race ;  and 
I  shall  therefore  speak  of  their  physical  characters  first  They  oertaiDly 
present  the  greatest  contrast  to  the  Melanesians,  and  perhaps  the 
greatest  resemblance  to  the  Malays ;  indeed,  the  Rev.  S.  J.  Whitmee, 
who  lived  many  years  in  Samoa,  and  has  studied  the  natives  with 
great  care,  says,  in  an  interesting  article  in  the '  Contemporary  Beview ' 
for  February,  1873,  that  morally,  intellectually,  and  physically,  the 
description  given  by  Wallace  of  the  Malays  (quoted  above)  applies 
exactly  to  the  Samoans,  with  the  only  difference  that  the  latter  are  a 
people  of  much  larger  stature,  a  circumstance  which  he  attributes  to 
their  more  abundant  supply  of  food.  Commodore  Wilkes  thus  de- 
scribes the  Samoans  :—*'  The  average  height  of  the  men  is  5  feet  10 
inches,  and  some  of  the  ohiefiE^  whose  limbs  are  well  rounded,  would 
be  called  fine-looking  men  in  any  part  of  the  world.  Their  features 
are  not  in  general  prominent,  but  are  well  marked  and  distinct,  and 
are  all  referable  to  a  common  type.  The  nose  is  short,  and  wide  aft 
the  base ;  the  mouth  large,  and  well  filled  with  large  and  white  teeth, 
with  ftdl  and  well-turned  lips;  the  eyes  black,  and  often  large  and 
bright ;  the  forehead  narrow  and  high,  and  the  cheek  bones  prominent. 
It  was  observed  that  some  of  them  had  the  eyes  turned  up  at  the  outer 
comer,  like  the  Chinese.  Of  beard  they  have  but  little,  but  their  hair  is 
strong,  straight,  and  very  black.  The  general  form  of  the  skull  is  broad 
and  short,  and  it  is  highest  near  the  crown."  The  colour  of  the  skin, 
as  in  other  Polynesians,  is  yellowish  or  light  brown ;  sometimes  as 
light  as  that  of  Southern  Europeans,  but  varying  somewhat  accord- 
ing to  the  habitual  exposure  to  the  atmosphere  and  sun  and  other 
causes. 

The  Museum  of  the  College  contains,  unfortunately,  only  five 
crania  of  Central  Polynesians  on  which  to  found  a  description  of  the 
race  characters  ;  but  they  agree  so  well  in  all  their  principal  features, 
that  I  think  it  probable  that  they  are  fsAr  specimens  of  the  typa  Of 
these  three  are  Samoan,  one  Tongan,  and  one  from  St.  Augustine's 
Isle,  in  the  Ellioe  group.    They  are  all  adult  nudes. 

Their  average  capacity  is  1420  cubic  centimetres,  or  86*7  cubic 
inches.  They  are  all  round  skulls  (see  Fig.  4),  the  indices  of  breadth 
varying  between  77  and  88,  the  average  ^ng  82*2.  The  hei^t  is 
cither  equal  or  less  than  the  breadth  in  each  case,  though  they  may  gene- 
rally be  described  as  high  skulls,  the  average  index  being  77*8.  In 
no  case  does  the  squamosal  meet  or  even  approach  near  the  frontal, 
and  none  has  epipteric  bones.  They  are  all  ph»nozygous,  but  very 
slightly  so.  The  forehead  is  flat,  the  glabella  not  greatly  developed, 
the  fftce  long  and  straight;  the  nasal  aperture  narrow,  the  nasal  index 
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varying  between  39*3  and  46*8,  the  average  being  44*3 ;  the  orbits 
round  and  high,  the  average  index  being  92  *  8.  The  jaws  in  three 
cases  are  mesognathons  witii  indices  of  99,  99,  and  100  respectively ; 
bnt  one  is  remarkably  orthognathoos,  with  an  index  of  only  92 ;  this 
may,  however,  be  an  exceptional  case :  the  other  cannot  be  measured. 
The  malar  bones  are  greatly  developed,  as  in  the  Malay,  present- 
ing a  marked  contrast  to  iliose  of  the  Australian.  The  size  and 
forward  position  of  these  bones  are  among  the  features  by  which  they 
can  be  most  readily  distinguished  from  European  skulls.  The  lower 
margin  of  the  orbit,  and  the  long  axis  of  the  orbital  aperture  instead 
of  being  nearly  horizontal,  as  in  the  Australian  and  Melanesian,  are 
inclined  downwards  at  the  outer  side.  The  palate  is  short  and  semi- 
circular ;  the  teeth  not  particularly  large.  It  will  be  seen  that  in  all 
their  essential  features  these  skulls  resemble  those  of  the  Malays. 
They  are,  however,  rather  larger,  and  especially  higher ;  the  face  is 
longer  and  somewhat  less  prognathous,  and  the  nose  is  narrower. 

When  a  typical  Polynesian,  as  a  Samoan  cranium,  and  a  typical 
Melanesian,  as  one  from  the  New  Hebrides,  have  once  been  compared 
and  contrasted,  they  can  be  recognized  at  a  glance;  as  they  differ 
quite  as  much  as  does  the  external  appearance  of  the  peopla  Some 
skulls  which  were  presented  many  years  ago  from  the  island  of  Lifu 
(Loyalty  group)  by  Dr.  George  Bennett,  are  most  characteristically 
Polynesian — the  nasal  index  alone  would  separate  them  from  the 
Melanesians,  among  which  they  would  be  arranged  geographically ; 
and  this  perfectly  accords  with  what  we  know  of  the  external  cha- 
racters and  history  of  the  people  to  whom  they  belong,  the  Loyalty 
Islands  having  been  colonized,  as  already  mentioned,  some  160  years 
ago  from  WaUis  Island,  in  Central  Polynesia. 

It  is  very  interesting  to  observe  the  physical  evidence  of  the 
gradual  blending  of  the  two  different  types  in  different  proportions 
in  regions  where,  on  other  grounds,  they  have  been  supposed  to  be 
intermixed.  Thus  among  sknUs  brought  from  the  Fiji  and  most  of  the 
neighbouring  islands,  some  are  purely  Polynesian,  some  as  purely  Mela- 
nesian, others  presenting  a  combination  of  characters.  Professor  Bol- 
leston  has  been  kind  enough  to  allow  me  to  examine  a  series  of  crania 
lately  acquired  by  the  University  of  Oxford  from  the  Central  Caroline 
Islands,  inhabited  by  a  population  generally  admitted  to  present  the 
characters  of  a  mixed  raca  These  skulls  exactly  corroborate  this 
view.  All  the  principal  cranial  indices  are  intermediate  between 
those  proper  to  the  Melanesian  and  those  belonging  to  the  Poly- 
nesian type. 

The  Maoris,  or  native  population  of*  New  Zealand,  if  true  Poly- 
nesians, as  is  usually  supposed,  have  departed  considerably  from  the 
Samoan  type.  They  are  darker  in  colour,  have  usually  more  curl  in 
their  hair,  stronger  beards,  more  prominent  and  aquiline  noses,  longer 
heads  (the  average  cranial  index  of  all  that  I  have  measured  being 
75),  rather  lower  orbits  (89),  and  slightly  wider  though  still  leptorhine 
noses  (47).    It  is  possible  that  this  change  of  type  may  have  taken 

2  T  2 
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place  simply  as  the  result  of  three  or  four  centuries'  isolation  under 
different  conditions,  and  is  therefore  something  similar  to  that  which 
appears  to  be  in  process  among  the  English  in  North  America ;  bat  it 
is  very  suggestive  of  an  admixture  of  Melanesian  blood,  as  every  one  of 
the  points  mentioned  form  an  approximation  more  or  less  pronounced 
towards  that  race.  Although  it  has  been  doubted  by  some  authors,  it 
is  asserted  by  otiiers  that  Uiere  are  Maori  traditions  indicating  the 
existence  of  an  aboriginal  population,  though  probably  not  a  numerous 
one,  upon  the  islands  before  they  were  invaded  from  Barotonga  in  the 
beginning  of  the  fifteenth  century.  If  this  were  the  case  £ey  were 
probably  Melanesians,  and  their  absorption  into  the  ranks  of  the 
conquering  race  would  cause  the  physicid  changes  noted  above. 

However  this  may  be,  the  present  Maoris  are  a  fine  race,  tall, 
muscular,  and  well  built ;  brave,  active,  and  intelligent ;  **  in  truth,"  as 
Sir  David  Wedderbum  remarks,  '<  as  near  an  approach  to  the  ideal  of 
a  '  noble  savage '  as  has  ever  existed  in  modem  times."  *  Notwith* 
standing  this,  and  the  great  aptitude  some  of  them  have  shown  for 
adopting  the  habits  of  European  civilized  life,  several  being  already 
members  of  the  legislative  assemblies  in  New  Zealand,  and  one  having  at 
present  a  seat  in  the  cabinet,  their  extinction  under  English  influ* 
ence  appears  to  be  coming  on  as  certainly  as  that  of  their  very  inferior 
Tasmanian  and  Australian  brethren.  Their  numbers  in  1849  were 
estimated  by  Sir  George  Grey  at  120,000,  ascertained  by  census  in 
1858  at  56,000,  and  in  1874  at  45,470,  all  but  2000  being  inhabitants 
of  the  North  Island. 

The  Maoris  themselves  are  guilty  of  having  exterminated  in  a 
very  ruthless  and  complete  manner,  even  within  the  present  century, 
a  kindred  race.  The  history  of  this  transaction  illustrates  very  w^ 
on  a  small  scale  one  of  the  processes  by  which  the  ethnology  of  the 
Polynesian  Tslands,  and  indeed,  we  may  say,  of  the  whole  world,  has 
been  gradually  modified.  In  1836  a  party  of  New  Zealand  natives, 
finding  themselves  short  of  room  in  their  own  country,  probably 
either  directly  or  indirectly  through  the  encroachments  of  European 
settlers,  resolved  to  seek  &eir  fortunes  elsewhere,  and  chartering  an 
•RnglJRh  brig,  sailed  for  the  Chatham  Islands,  which  were  then  in- 
habited by  a  people  called  Morioris,  a  branch  of  the  Polynesian  stock, 
but  who  havinff  long  lived  on  a  small  and  not  very  productive  island, 
were  inferior  m  physique  and  warlike  acquirements  to  ^e  Maoris. 
The  invaders  had,  Uierafore,  little  difficulty  in  taking  possession  of 
the  islands,  and  in  a  few  years  had  destroyed  and  eatoi  most  of 
the  originiJ  inhabitants,  and  reduced  the  rest  to  slavery.  At  the 
present  time,  according  to  Mr.  E.  A.  Welch,  the  islands  are  in- 
habited by  as  varied  and  motley  an  assemblage  of  people  as  can 
well  be  imagined: — ^Morioris,  Maoris,  Kanakas,  Negroes,  Chinese, 
Spaniards,  Portuguese,  Danes,  Germans,  English,  Irish,  Scotch,  Welsh, 
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Yankees,  natives  of  South  America,  a  Manilla  native,  a  Laplander,  a 
Bossian  Finn,  a  half-caste  native  of  New  Holland,  &c.* 

As  &r  as  we  know,  the  Eastern  Polynesians,  the  Hawaiians,  Mar- 
qnesans,  and  Tahitians,  do  not  differ  materially  in  their  physical 
characters  from  the  Samoans.  The  Marquesans  were  described  by 
Cook  as  "  without  exception  the  finest  race  of  people  in  this  sea.  For 
fine  shape  and  regular  features,  they  perhaps  surpass  all  other 
natives."  I  wish  that  I  could  give  some  details  of  their  cranial  con- 
formation from  actual  observation,  which  would  corroborate  or  modify 
the  ordinary  view  of  their  origin  and  affinities,  but  I  have  not  hitherto 
had  an  opportunity  of  doing  so.  Dr.  Barnard  Davis  has  a  magnificent 
series  of  116  crania  of  Kanakas,  or  natives  of  the  Hawaii  or  Sandwich 
Islands,  and  gives  their  latitudinal  index  in  his  valuable  ^  Thesaurus  " 
at  80,  which  nearly  corresponds  with  that  of  the  Central  Polynesians. 
It  will  be  interesting  to  see  whether  the  facial  characters  also  agree. 

In  bringing  to  a  conclusion  this  very  slight  and  superficial  sketch 
of  the  anthropology  of  an  immense  region  of  the  earth's  surface,  I  may 
be  expected  to  say  something  as  to  the  meaning  attached  to  the  word 
"  race,"  so  frequently  used.  It  is  better  to  confess  at  once  that  it  is 
extremely  ind^nite  and  arbitrary,  than  to  attempt  to  give  an  accurate 
definition.  To  such  groups  as  I  have  spoken  of  under  this  designa- 
tion, some  anthropologists  would  apply  the  term  '<  species."  Although 
this  word  has  not  now  the  definite  signification  that  was  formerly 
attached  to  it,  yet  having  some  experience  of  its  customary  use  among 
zoologists,  and  looking  from  a  pm^y  zoological  point  of  view  at  the 
distinguishing  characters  of  these  types,  races,  varieties,  or  whatever 
we  like  to  call  them,  I  certainly  cannot  apply  the  term  species  to 
them  in  the  same  sense  in  whidi  it  is  ordinarily  used  in  zoology; 
much  less  can  I  believe  in  the  view  of  the  separate  and  distinct  origin 
of  any  of  these  races. 

The  attempt  to  form  a  precise  and  harmonious  scheme  of  classifica- 
tion is  here,  as  elsewhere,  beset  with  insurmountable  difficulties.  The 
endless  gradations  of  distinctive  characters  can  only  be  most  rudely 
expressed  in  our  artificial  systems.  We  may  speak  of  branches  and 
sub-branches,  varieties  and  sub-varieties,  races,  species,  &c. ;  but  these 
all  are  attempts  to  express  degrees  of  difference  connected  by  endless 
intermediate  conditions,  and  passing  insensibly  from  one  to  tiie  other. 
The  first  and  lowest  degree  or  indication  of  race  characteristics  in 
man,  is  seen  in  the  inherited  traits  of  various  members  of  a  family,  or 
tribe;  the  next  in  the  more  strongly  marked  and  more  permanent 
characters  seen  in  the  inhabitants  of  some  district,  especially  where 
distinction  of  language  interposes  a  barrier  to  communication  and 
intermarriage.  Where  there  are  few  natural  or  artificial  barriers  to 
mutual  and  extended  intercourse,  the  characteristics  of  the  different 

^  E.  A.  Welch  and  Barnard  Davis,  '*  The  Morioris  or  Native  Bace  of  the 
Chatham  lalaDds,"  *  Jonm.  Anthrop.  Soc.'  Nov.  1869,  p.  97. 
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&ini]x6B  or  tribes  become  blended,  and  an  absence  of  nnifonnity  and  an 
irregularity  or  variety  in  oharaotere  is  prodnoed.  On  the  other  hand, 
isolated  groups  of  people  tend  to  uniformity  of  character  in  some 
special  direction.  Certain  peculiarities  become  in  the  course  of  ages 
more  and  more  pronounced,  and  the  longer  time  that  this  process 
continues,  the  more  permanent  and  ind^ble  do  such  peculiarities 
become,  and  the  more  stable  is  the  type  produced  ;  exactly  as  is  well 
known  to  be  the  case  with  the  di£ferent  breeds  of  domestic  animabi. 
This  applies  not  only  to  the  bodily,  but  also  to'  the  intellectual 
and  mcnal  qualities.  As  the  necessity  for  depending  for  very  exist- 
ence on  the  aouteness  of  the  peroeptiye  organs  may,  in  some  races, 
during  the  course  of  generations  increase  the  powers  of  vision 
and  smell,  and  modify  the  anatomical  structure  of  the  organs  by 
which  these  senses  act,  so  also  may  certain  mental  and  moral  charac- 
teristics in  the  course  of  time  become  stamped  more  or  less  firmly 
upon  all  members  of  the  race. 

The  view  of  this  great  question,  which  appears  to  be  most  philo- 
sophical as  well  as  most  consistent  with  fftots,  is  that  which  is  inter- 
mediate to  the  two  extremes  held  by  certain  anthropologists ;  riz.  that 
of  the  inherent,  radical,  and  impassable  distinction  between  the  dif- 
ferent groups  of  man  and  that  of  the  perfect  equality  and  identity  of 
all  mankind.  The  theory  that  an  Australian  or  a  Polynesian  merely 
requires  to  be  educated  and  placed  in  the  same  circumstances  with  a 
European  to  be  his  equal  in  maintaining  his  position  in  those  circum- 
stancesi  or  vice  vered^  ignores  the  teachings  of  physiology.  He  can  no 
more  be  expected  to  do  so  than  the  foal  of  a  cart-horse,  with  any 
amount  of  training  which  may  be  bestowed  upon  him,  can  be  expected 
to  win  the  Derby.  But  just  as  the  cart-horse  and  the  thorough-bred 
have  been  developed  from  one  original  stock,  and  will  unite  and  pro- 
duce intermediate  forms,  and  will  without  selective  breeding  revert  to 
some  common  form,  so  it  is  with  the  races  of  man,  however  much  this 
may  be  disputed  by  the  extreme  school  of  polygenists. 

This  being  the  general  view  of  the  position  of  these  races,  the 
divisions  we  make  are  necessarily  arbitrary,  and  have  no  natural 
barrier  between  them,  and  no  strict  equivalency,  and  the  nature  of  our 
classification  will  depend  upon  what  characters  we  lay  most  stress 
upon  as  indications  of  affinity.  We  see  already  in  the  subjects  of 
this  course  very  striking  characters,  those  of  the  hair  and  of  Uie  form 
of  the  skull,  not  correlated,  as  in  the  Andamanese  and  MelanesiauB. 
The  various  groups  of  men  upon  the  world,  whether  originally  all 
straight-hairoL  or  all  frizzly-haired,  must,  it  has  been  argued,  have 
separated  at  some  time  into  two  primary  divisions,  the  Leiotrtcki  and  the 
Ulotrichi  of  Bory  de  St.  Vincent,  a  view  to  which  Professor  Huxley  is 
inclined  to  give  much  weight  This  would  be  a  simple  starting 
point  for  our  classification.  But  on  examining  other  characters, 
some  of  which  seem  equally  important,  difficulties  arisa  First  let  as 
take  the  case  of  the  Australians.  Their  general  aspect,  all  their  cranial 
and  skeletal  characters  ally  them  so  closely  to  the  Melanesians,  and 
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also  to  the  African  negroes,  that  it  is  extremely  difficult  to  suppose 
that  so  many  coincidences  could  have  arisen  in  two  stocks  which  had 
already  diverged  so  far  as  to  fix  permanently  the  distinctive  charao- 
teristios  of  the  hair.  Again,  take  the  Negritos  of  the  Indo-Malayan 
Archipelago.  Here  we  have  a  woolly-haired  people,  with  scarcely 
any  of  the  osteological  and  perhaps  cerebral  characteristics  of  the 
other  negroid  races.  The  alternative  supposition  that  woolly  hair 
could  have  originated  independently,  upon  different  branches  of 
straight-haired  races,  is  also  beset  with  difficulties.  It  is  clear, 
however,  that  setting  aside  the  doctrine  of  separate  creation,  one  or 
other  of  these  events  must  have  taken  place ;  but  which  is  the  more 
likely  is  impossible,  in  our  present  state  of  knowledge,  to  decide. 

Very  much  still  remains  to  be  done  with  regard  to  the  history  of 
man  in  the  part  of  the  world  we  have  been  considering  this  evening, 
both  in  the  confirmation  or  amendment  of  the  truth  of  tibese  general 
conclusions,  and  in  the  completion  of  the  various  details.  And  now  is 
the  time,  if  ever,  when  it  must  be  done. 

Many  of  these  people  have  lived  in  their  sea-girt  homes,  isolated 
from  the  rest  of  muikind,  for  ages  untold,  and  wi£  probably  little  or 
no  change  in  their  habits  or  physical  characteristics.  Among  others^ 
the  movements,  migrations,  and  interchange  of  ideas  and  customs, 
and  progressive  improvements,  which  have  taken  place  have  been 
of  the  most  partial,  slow,  and  gradual  character.  But  within  the  life- 
time of  some  still  among  us,  a  marvellous  transfonnation  has  been 
wrought  among  them.  It  is  scarcely  a  hundred  years  since  the  veil 
of  darkness  and  mystery  which  enshrouded  these  regions  was  uplifted, 
and  the  very  existence  of  most  of  the  races  of  which  I  have  been 
speaking  was  first  revealed  to  the  civilized  world.  It  is  only  within 
the  present  century  that  the  great  movement  has  taken  place,  the  ruah 
of  tiie  Anglo-Saxon  race  into  the  islands  of  the  Pacific,  which  is 
rapidly  shaking  to  the  foundations  all  the  old  ethnological  landmarks, 
and,  with  accumulating  speed,  sweeping  away,  not  only  the  charac- 
teristic customs,  traditions,  and  languages  of  tibe  people,  but  even  the 
very  people  themselves.  In  another  half  century,  the  Australians, 
the  Melanesians,  the  Maoris,  and  most  of  the  Polynesians,  will  have 
followed  the  Tasmanians  to  the  grave.  We  shall  well  merit  the 
reproach  of  future  generations  if  we  neglect  our  present  opportunities 
of  gathering  together  every  fragment  of  knowledge  that  can  still  be 
saved,  of  their  languages,  customs,  social  polity,  manufactures,  and 
arts.  The  preservation  of  tangible  evidence  of  their  physical  structure 
is,  if  possible,  still  more  important ;  and  surely  this  may  be  expected  of 
that  nation,  above  all  others,  which  by  its  commercial  enterprise  and 
wide-spread  maritime  dominion  has  done,  and  is  doing,  far  more  than 
any  other  in  effecting  this  destructive  revolution. 

[W.H.F.] 
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GENEBAL  MONTHLY  MEETING, 

Monday,  June  3,  1878. 

WiLUAU  Bowman,  Esq.  F.B.S.  Manager,  in  the  Ohair. 

The  Lord  YiBcount  Kilcoursie, 
B.  Faircloih,  Esq.  F.BO.S. 
J.  Lawrence-Hamilton,  M.D. 
William  Ford  Stanley,  Esq. 

were  elected  Members  of  the  Boyal  Institution. 

The  Pbbsbntb  received  since  the  last  Meeting  were  laid  on  the 
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WEEKLY  EVENING  MEETING, 

Friday,  June  7, 1878. 

William  Bowman,  Ebq.  F.B.S.  in  the  Chair. 

Waltsb  Hebbiks  Pollook,  Esq.  M.A. 

Bomaniicism. 

Ths  discourse  began  bj  the  quotation  of  a  portion  of  M.  Beybaud's 
humorous  description  of  the  enthusiastic  reception  of  Victor  Hugo's 
'  Hemani'  by  his  friends  and  the  stormy  opposition  of  his  enemies, 
when  first  performed  at  the  Th64tre  Fran9ais  on  Fob.  25, 1830.  The 
new  romantic  school  had  been  gathering  strength  for  some  time, 
having  at  its  head  one  whose  genius  fitted  him  to  be  a  leader  of  men ; 
while  the  opposite  party,  the  classicists,  were  thoroughly  disgusted 
with  Hugo's  '  Cromwell '  and  its  preface,  in  which  all  their  rules  were 
violated.  Now  that  'Hemani'  is  accounted  a  classic  drama,  it  is 
difficult  to  realize  the  storm  that  raged  at  its  first  appearance. 

The  term  *  Bomanticism '  was  at  first  applied  to  the  disregard  of 
the  unities  of  time  and  place,  in  which  Shakspeare  so  much  differs 
from  Sophocles  and  the  other  Greek  dramatists ;  but  about  1828  it 
was  also  applied  to  poetry  and  romances.  Hago  asserted  as  a  new 
discovery  tiiat  the  grotesque  is  a  necessary  element  of  modern  poetry ; 
but  the  mixture  of  the  tragic  and  the  comic,  the  terrible  and  tibo 
tender,  is  found  also  in  the  ancients,  especially  in  Aristophanes. 

In  a  satirical  dialogue,  quoted  by  Mr.  Pollock,  Alfred  de  Musset 
endeavours  to  prove  that  no  accurate  definition  of  romanticism  can  be 
obtained,  except  that  it  consists  in  the  employment  of  a  vast  number 
of  needless  adjectives  and  nothing  else.  In  fact,  neither  party  could 
define  what  they  were  fighting  for.  The  classicists  went  so  far  as  to 
claim  Byron  as  on  their  side ;  while  their  opponents  might,  had  the 
struggle  lasted  long  enough,  have  referred  to  the  unbridl^  grotesque 
grandeur  of  Racine.  Moreover,  classicism  abounds  in  the  l^t  plays 
of  the  modem  romantic  school.  Reverting  again  to  'Hemani,' 
Mr.  Pollock  said  that,  in  spite  of  its  immense  power  and  beauty,  it  is 
one  of  the  most  inartistic  plays  ever  written  by  a  great  author ;  its 
plot  consists  of  a  constant  reiteration  of  the  same  situation,  during 
which  the  chief  characters  literaUy  carry  their  lives  in  their  hands, 
and  offer  them  to  each  other  as  people  in  old  comedies  offer  snuff; 
and  he  contrasted  its  method  with  that  of  the  '  PhMre '  of  Racine. 

The  origin  of  the  Romantic  school  is  traced  to  Madame  de  Stael ; 
but  the  movement  was  mainly  carried  on  by  Chateaubriand,  Casimir 
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Delavigoe,  and  others,  greatly  inflaenced  by  the  study  of  Shakspeare, 
Goethe,  Scott,  and  similar  writers. 

The  romanticists  were  very  saocessful  in  demonstrating  that  it  is 
qaite  possible  to  produce  a  great  poem,  play,  picture,  or  opera  without 
following  any  set  of  cut-and-dried  rules ;  although  at  first  they  were 
led  into  eztraYaganoes  often  ludicrous. 

De  Musseti,  defending  the  classic  writers,  asserts  that  their  rules 
were  really  the  resalt  of  long  consideration  of  the  best  means  of 
obtaining  the  highest  results  of  art,  and  that  young  writers  should 
return  to  the  stately  simplicity  of  the  ancients ;  but,  as  Mr.  Pollock 
showed,  De  Musset  is  not  consistent  with  himsell  His  own  most 
successful  dramas  are  all  cast  in  what  may  be  termed  the  "  middle 
style.'*  He  did  not  regard  the  unities  as  inyincible ;  yet  one  of  his 
finest  pieces, '  Les  Caprices  de  Marianne,'  is  so  arranged  that  it  may 
be  played  in  accordance  with  them,  and  was  so  a  few  weeks  ago* 
The  time  seems  to  have  come  for  a  new  romantic  school  to  arise. 

Mr.  Pollock  then  adverted  to  the  predominance  of  the  classic 
school  in  the  seventeenth  and  eighteenth  centuries  in  our  own  country, 
when  Shahspeare  was  superseded  by  Dryden,  Bowe,  Otway,  and 
Young,  and  to  the  reaction  begun  by  Garrick  and  ably  sustained  by 
the  Eembles  and  Eean.  In  reference  to  these  Talma  lamented  that 
he  never  had  a  real  part.  He  asked  for  Shakspeare,  and  they  gave 
him  Duds  I  It  was  the  desire  to  have  at  least  some  touch  of  nature 
that  led  him  to  play  Marius  bare-legged. 

Taking  Bomanticism  to  mean  something  which  varies  a  monoto- 
nous style,  Mr.  Pollock  said  that  some  infosion  of  it  would  be  good 
for  us  now.  We  have  in  the  art  of  painting  a  kind  of  romanticism ; 
but,  like  that  of  the  French,  it  consists,  just  as  much  as  classicism 
does,  in  returning  to  models  which  were  thought  to  be  superseded 
long  ago. 
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WEEKLY  EVENING  MEBTINa, 

Friday,  Jane  14,  1878. 

OsoBOB  Busk,  Esq.  F.E.S.  Treasurer  and  Yioe-President, 
in  the  Chair. 

Pbofbssob  James  Dewab,  M.A.  F.RS. 

H^e  Liquefaction  of  Oases. 

Daltov,  twentj-two  years  before  the  discovery  of  the  liquefaction  of 
the  gases,  commences  his  essay  '  On  the  Force  of  Steam  or  Yapour 
from  Water  and  various  other  Liquids,  both  in  a  Yacuum  and  in  Air,' 
with  the  following  marvellous  anticipation  of  subsequent  research : 
*' There  can  scarcely  be  a  doubt  entertained  respecting  the  reduci- 
bility  of  all  elastic  fluids  of  whatever  kind  into  liquids;  and  we 
ought  not  to  despair  of  effecting  it  in  low  temperatures,  and  by 
strong  pressure  exerted  upon  the  unmixed  gases.*'  *  The  same  ideas 
are  reiterated  in  Dalton's  'New  System  of  Ohemical  Philosophy,' 
which  appeared  in  1808,  yet  no  definite  proof  of  the  accuracy  of  his 
ideas  regarding  the  relation  of  the  gaseous  and  liquid  states  of  matter 
were  forthcoming  until  1823. 

The  first  information  re^irding  the  lique&ction  of  a  gas  is  found 
in  a  letter  sent  by  Faraday  to  Dr.  Paris,  the  biographer  of  Sir 
Humphry  Davy. 

''DiabSib, 

*^  The  oil  you  noticed  yesterday  turns  out  to  be  liquid  chlorine, 

«  Yours  fiMthfully, 

«MlOHABL  FaBADAT." 

The  letter  is  not  dated,  but  we  know  from  I>i.  Paris  that  it  must 
have  been  the  6th  of  March,  1823. 

Faraday  was  then  engaged  in  an  investigation  on  the  hydrate  of 
chlorine.  Davy  suggested  the  examination  of  the  action  of  heat  in 
a  closed  vessel,  as  likely  to  yield  interesting  results,  without  stating, 
however,  what  he  anticipated  would  occur.  The  letter  address^ 
to  Dr.  Paris  has  reference  to  the  result  of  this  experiment  The 
solid  hydrate  of  chlorine  on  being  heated  in  a  closed  vessel,  separated 

*  *  Literary  and  PhUosophioal  Sooiety  of  Manohestor,*  yol.  v.  1802. 
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into  water  and  a  dense  yellow  oil,  wbioh  Faraday  proved  to  be  pure 
liquid  chlorine.  Davy  saw  the  importance  of  the  discovery,  and 
liqnefied  hydrochloric  acid  by  the  pressure  of  its  own  vapour,  pro- 
duced by  generating  it  in  a  closed  vessel. 

Davy  also  succeeded  in  liquefying  gases  by  a  method  which,  at 
first  view,  appears  very  paradoxical — by  the  application  of  heat  I 
The  method  consists  in  placing  them  in  one  leg  of  a  bent  sealed  tube, 
confined  by  mercury,  and  applying  heat  to  ether,  or  alcohol,  or  water, 
in  the  other  end.  In  this  manner,  by  the  pressure  of  the  vapour  of 
ether,  he  liquefied  prussio  acid  and  sulphurous  acid  gas ;  which  gases, 
on  being  reproduced,  occasioned  cold.  There  can  be  little  doubt,  he 
thinks,  that  these  general  facts  of  the  condensation  of  the  gases  will 
have  many  practical  applications.  "  They  afford  means  of  producing 
great  diminutions  of  temperature,  by  the  rapidity  with  which  large 
quantities  of  liquids  may  be  rendered  aeriform ;  and  as  compression 
occasions  similar  effects  to  cold,  in  preventing  the  formation  of  elastic 
substances,  there  is  great  reason  to  believe  that  it  may  be  suc- 
cessfully employed  for  the  preservation  of  animal  and  vegetable 
substances  for  the  purposes  of  food." 

Faraday  continued  the  experiments,  and  succeeded  in  liquefying 
many  gases  by  the  pressure  caused  by  their  continuous  formation 
in  a  Imiited  space,  either  through  the  ordinary  reactions  used  for 
producing  them,  or  by  applying  heat  to  some  easily  decomposed 
compound.  By  observing  the  volume  of  the  liquid  gas  as  compared 
with  the  same  in  the  gaseous  state  the  relative  specific  gravities  could 
bo  determined,  and  by  introducing  small  air  manomet^  the  amount 
of  pressure  in  atmospheres  required  to  condense  the  various  gases, 
and  the  influence  of  temperature  on  the  pressure,  could  be  observed. 
This  series  of  experiments  was  completed  in  1823. 

Thilorier,  in  1835,  devised  an  apparatus  to  produce  liquid 
carbonic  acid  on  a  large  scale,  and  made  the  great  discovery  that  the 
fluid  ejected  into  air  produced  the  solid  in  the  form  of  snow.  This 
substance  while  evaporating  gave  a  temperature  which  he  estimated 
^ut  minus  100°  0.  The  fluid  gas  was  soluble  in  all  proportions 
in  edier,  turpentine  and  bisulphide  of  carbon.  It  was  four  times 
more  dilatable  than  air,  and  every  additional  degree  of  temperature 
added  one  atmosphere  of  pressure  to  the  tension  of  the  gas.  The 
density  of  the  vapour  increased  in  a  much  greater  proportion  than  the 
prossure,  so  that  the  law  of  Mariotte  was  no  longer  applicable  to 
such  a  highly  compressed  condition  of  the  gas. 

Mitchell,  in  1839,  found  the  true  temperature  of  the  solid  while 
evaporating  in  air  was  minus  78^,  but  mixed  with  ether  and  vaporised 
in  vacuo  it  was  reduced  to  minus  99^.  With  this  powerful  means 
of  reducing  temperature  he  solidified  sulphurous  acid. 

In  order  to  demonstrate  the  exceptional  temperatures  we  have  to 
deal  with,  a  tiiermo-junction  of  iron-copper  has  tiie  advantage  over  a 
fluid  thermometer  of  having  a  very  smidl  mass  and  great  sensibility, 
so  that  the  length  of  a  degree  on  our  scale  is  easily  observed.     This 


Digitized  by  VjOOQIC 


1878.]  on  Liguefaetion  ofOaaea.  659 

junctioii  plaoed  in  ice  markB  0^.  When  placed  in  solid  carbonic 
acid  it  maintains  a  fixed  temperature  of  minus  80^,  a  point  on  the  ther- 
mometer scale  as  far  below  the  freezing  point  as  the  boiling  point  of 
spirits  of  wine  is  above  it.  If  ether  is  added  to  the  solid  acid,  a 
fluid  which  does  not  freeze,  and  which  has  the  remarkable  property 
of  dissolving  the  carbonic  acid,  the  same  low  temperature  is  kept 
np.  The  eUier  carbonic  acid  bath  acts  more  rapidly,  from  the  im- 
mersed body  being  wetted,  and  thus  brought  into  close  contact  with 
the  fluid.  This  thermometer  is  far  more  delicate  than  either  an 
alcohol  or  bisulphide  of  carbon  one,  and  yet  it  records  a  constant  tem- 
perature, and  why  ?  The  reason  is,  solid  carbonic  acid  is  actually 
boiling ;  this  solution  in  ether  is  giving  off  continuously  bubbles  of 
gas  like  a  boiling  fluid.  This  is  more  readily  seen  if  the  snow  is 
compressed  into  the  form  of  ice  by  strong  hydraulic  pressure.  This 
cylinder  of  clear  carbonic  acid  ice  weighs  nearly  half  an  ounce,  and 
continues  to  give  off  gas  when  immersed  in  ether,  as  if  it  were  a  piece 
of  marble  dissolving  in  an  acid.  In  this  state  it  is  one  and  a  half 
times  denser  than  water ;  and  although  the  mass  is  at  a  temperature 
at  least  20^  below  that  of  the  Arctic  regions,  yet,  strange  to  say,  it  is 
not  covered  with  ice  when  dropped  into  a  mass  of  water.  It  is  in 
reality  coated  with  a  layer  of  gas  constantly  renewed,  and  thus  the 
water  never  gets  into  actual  contact.  The  solid  is  in  a  condition 
similar  to  that  of  the  spheroidal  state  of  liquids. 

Another  liquid  gas  that  boils  at  a  still  lower  temperature  is 
nitrous  oxide,  or  laughing  gas.  The  temperature  of  boiling  nitrous 
oxide  freely  exposed  to  tiie  air  is,  as  you  observe,  about  10^  lower 
than  that  of  carbonic  acid.  A  temperature  of  minus  90°  is  thus 
the  lowest  we  can  reach  through  vaporization  of  a  conveniently 
liquefiable  gas,  freely  exposed  to  the  atmosphere.  As  the  boiling 
point,  however,  is  dependent  wholly  upon  the  pressure  of  the  gaseous 
atmosphere,  if  the  pressure  is  removed  from  the  surface  of  the  liquid 
with  a  greater  rapidity  than  it  can  accumulate  through  the  generation  of 
gas,  much  lower  temperatures  may  be  commanded.  The  lowest  tem- 
perature recorded  by  Faraday  was  minus  110,  and  the  experiment  just 
made  proves  this  is  about  the  limit  to  be  reached  with  lus  air-pump. 
The  experiments  of  Cagniard  de-la-Tour  and  Thilorier  opened  up 
new  ideas  and  methods  for  further  investigation,  and  Faraday  attacked 
the  subject  for  the  secood  time  in  1844.  By  the  combined  action  of 
pressure,  and  the  low  temperature  of  the  carbonic  acid  ether  bath  in 
vacuo,  he  now  succeeded  in  liquefying  all  the  gases  with  the  exce^ 
tion  of  six,  viz.  oxygen,  hydrogen^  nitrogen,  carbonic  oxide,  nitno 
oxide,  and  marsh  gas,  and  obtained  many  of  them  in  the  form  of 
solids.  The  most  valuable  and  laborious  part  of  the  research  was  the 
determination  of  the  tensions  of  the  liquid  gases.  He  was  the  first  to 
show  the  great  importance  to  be  attached  to  these  constants  in  defining 
the  purity  of  gases.  Thus  he  discovered  that  phosphuretted  hydrogen, 
nitrous  oxide,  and  defiant  gas,  however  carefully  prepared,  could 
by  this  method  be  proved  to  contain  impurities.    The  experiments 
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of  Cagniard  de-la-Tonr  indnced  him  to  oondnde  that  no  amount  of 
pressure  would  liquefj  the  permanent  gases  unless  the  temperature 
was  below  some  definite  point  of  the  thermometric  scale.  In  fact  he 
had  a  very  clear  idea  of  what  ia  now  called  the  critical  point. 

The  following  extracts  from  the  investigation  of  1844  are  worthy 
of  grave  attention.  They  prove  the  wonderful  accuracy  of  scientific 
prophecy  and  display  the  working  of  a  mind,  full  of  subtle  powers  of 
divination  into  nature's  secrets : — 

On  the  Liquefaction  and  Solidification  of  Bodies  generally  existing  as 

Oases,* 

^  The  experiments  formerly  made  on  the  liquefiEustion  of  gases, 
and  the  results  which  from  time  to  time  have  been  added  to  this 
branch  of  knowledge,  especially  by  M.  Thilorier,  have  left  a  constant 
desire  on  my  mind  to  renew  the  investigation.  This,  with  considera- 
tions arising  out  of  the  apparent  simplicity  and  unity  of  the  molecular 
constitution  of  all  bodies  when  in  the  gaseous  or  vaporous  state, 
which  may  be  expected,  according  to  the  indications  given  by  the 
experiments  of  M.  Cagniard  de-la-Tour,  to  pass  by  some  simple  law 
into  their  liquid  state,  and  also  the  hope  of  seeing  nitrogen,  oxygen, 
and  hydrogen,  either  as  liquid  or  solid  bodies,  and  the  latter  probably 
as  a  metal,  have  lately  induced  me  to  make  many  experiments  on  the 
subject ;  and  though  my  success  has  not  been  equal  to  my  desire,  still 
I  hope  some  of  the  results  obtained,  and  the  means  of  obtaining  them, 
may  have  an  interest  for  the  Boyal  Society ;  more  especially  as  the 
applications  of  the  latter  may  be  carried  much  further  than  I  as  yet 
have  had  an  opportunity  of  applying  them. 

^  But  as  my  hopes  of  any  success  beyond  that  heretofore  obtained 
depended  more  upon  depression  of  temperature  than  on  the  pressure 
which  I  could  employ  in  these  tubes,  I  endeavoured  to  obtain  a  still 
greater  degree  of  cold.  There  are,  in  fEust,  some  results  producible  by 
cold,  which  no  pressure  may  be  able  to  efiect. 

''Thus  solidification  has  not  as  yet  been  conferred  on  the  fluid 
by  any  degree  of  pressure. 

"  Again  that  beautiful  condition  which  Cagniard  de-la-Tour  has 
made  ^own,  and  which  comes  on  with  liquids  at  a  certain  heat,  may 
have  its  point  of  temperature  for  some  of  the  bodies  to  be  experi- 
mented with,  as  oxygen,  hydrogen,  nitrogen,  &c.,  below  that  belonging 
to  the  bath  of  carbonic  acid  and  ether ;  and  in  that  case,  no  pressure 
which  any  apparatus  could  bear  would  be  able  to  bring  Uiem  into  the 
liquid  or  solid  state. 

"  Thus  though  as  yet  I  have  not  condensed  oxygen,  hydrogen,  or 
nitrogen,  the  original  objects  of  my  pursuit,  I  have  added  six  sub- 
stances, usually  gaseous,  to  the  list  of  those  that  could  previously 
be  shown  in  the  liquid  state,  and  have  reduced  seven,  including 

♦  » Phil.  TiansJ  1845. 
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ammonia,  nitrons  oxide,  and  snlphnreUed  hydrogen,  into  the  solid 
form.  And  thongh  the  numbers  expressing  tension  of  vaponr  cannot 
(because  of  the  diifficnlties  respecting  the  use  of  thermometers  and  the 
apparatus  generally)  be  considered  as  exact,  I  am  in  hopes  they  will 
assist  in  developing  some  general  law  goyeming  the  vaporization  of 
all  bodies,  and  also  in  illustrating  the  physical  state  of  gaseous  bodies 
as  they  are  presented  to  us  under  ordinary  temperature  and  pressure. 

*'  Whether  the  same  law  may  be  expected  to  continue  when  the 
bodies  approach  near  to  the  Ca^niard  de-la-Tour  state  is  doubtful. 
That  state  comes  on  sooner  in  reference  to  the  pressure  required, 
according  as  the  liquid  is  lighter  and  more  expansible  by  heat  and  its 
vapour  heavier;  hence  inde^  the  great  reason  for  its  facile  assumption 
by  ether. 

^  But  though  with  ether,  alcohol,  and  water,  that  substance  which  is 
most  volatile  takes  up  this  state  with  the  lowest  pressure,  it  does  not 
follow  that  it  should  always  be  so ;  and,  in  fact,  we  know  that  ether 
takes  up  this  state  at  a  pressure  between  thirty-seven  and  thirty-eight 
atmospheres,  whereas  muriatic  acid,  nitrous  oxide,  carbonic  acid,  and 
olefiant  gas,  which  are  far  more  volatile,  sustain  a  higher  pressure 
than  this  without  assuming  that  peculiar  state,  and  whilst  their 
vapours  and  liquids  are  stiU  considerably  different  from  each  other, 
^^ow  whether  the  curve  which  expresses  the  elastic  force  of  the 
vapour  of  a  given  fluid  for  increasing  temperatures  continues  un- 
disturbed after  that  fluid  has  passed  the  Cagniard  de-la-Tour  point  or 
not  is  not  known,  and  therefore  it  cannot  well  be  anticipated  whether 
the  coming  on  of  that  state  sooner  or  later  with  particular  bodies, 
will  influence  them  in  relation  to  the  more  general  law  referred  to 
above. 

**  The  law  already  suggested  gives  great  encouragement  to  the 
continuance  of  those  efforts  which  are  dieted  to  the  condensation  of 
oxygen,  hydrogen,  and  nitrogen,  by  the  attainment  and  application  of 
lower  temperatures  than  those  yet  applied. 

"  If  to  reduce  carbonic  acid  from  the  pressure  of  two  atmospheres 
to  that  of  one,  we  require  to  abstract  only  about  half  the  number  of 
degrees  that  is  necessary  to  produce  the  same  effect  with  sulphurous 
acid,  it  is  to  be  expected  that  a  far  less  abstraction  will  suffice  to 
produce  the  same  effect  with  nitrogen  or  hydrogen,  so  that  further 
diminution  of  temperature  and  improved  apparatus  for  pressure  may 
very  well  be  expected  to  give  us  these  bodies  in  the  liquid  or  solid 
sUte." 

The  classical  researches  of  Begnault  in  1847,  on  the  compressi* 
bility  of  gases,  proved  that  the  permanent  gases,  with  the  exception  of 
hydrogen,  deviated  from  Mariotte's  law  in  the  same  direction  as 
those  that  were  liquefiable,  although  to  a  much  smaller  amount  If 
Mariotte's  law  represents  the  perfect  gaseous  state,  then  hydrogen  is  a 
gas  that  shows  greater  resistance  to  alteration  of  volume  than  would 
result  from  this  law.    Natterer,  in  1854,  condensed  hydrogen,  oxygen, 
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and  nitrogen  to  a  preaanre  of  2700  atmospheres  without  any  change 
of  state  being  obsenred.  His  experiments  show  that  oxygen  and 
nitrogen  under  great  compression,  behaye  like  hydrogen,  that  is, 
become  less  and  less  compressible. 

Andrews,  in  1861,  sabjected  the  six  gases  that  resisted  the  efforts  of 
Faraday  when  cooled  to  the  temperature  of  the  carbonic  add  ether  bath 
to  a  pressure  of  at  least  600  atmospheres  without  producing  any  change 
of  state.  During  the  course  of  this  investigation  Andrews  observed 
that  liquid  carbonic  acid  raised  to  a  temperature  of  31^  lost  the  sharp 
concave  surfSaoe  of  demarcation  between  the  liquid  and  gas  and  at  last 
disappeared.  The  space  was  now  occupied  by  a  homogeneous  fluid, 
which  exhibited,  when  the  pressure  was  suddenly  diminished,  or 
temperature  slightly  lowered,  a  peculiar  appearance  of  moving  or 
flickering  strin  throughout  its  entire  mass,  owing  to  great  alterations 
of  density.  At  temperatures  above  81^  apparent  liquefaction  or 
separation  into  two  distinct  forms  of  matter  could  not  be  effected  even 
when  the  pressure  reached  400  atmospheres.  This  limiting  tempera- 
ture of  the  liquid  state  Andrews  calls  the  *^  critical  point."  He  has 
been  engaged  for  the  last  twelve  years  in  completing  his  researches 
on  the  gaseous  state,  which  for  accuracy  and  elegance  can  only  be 
equalled  by  the  work  of  Begnault. 

Recent  experiments  resulting  in  the  liquefaction  of  the  permanent 
gases  have  been  made  simultaneously  by  M.  L.  Oailletet,  of  Paris,  and 
M.  B.  Pictet,  of  (Geneva.  Each  had  large  experimental  resources 
and  facility  for  conducting  such  investigations. 

Both  experimenters  u^  the  same  ingenious  method  of  reaching 
temperatures  £eu*  below  that  of  the  carbonic  acid  bath  in  vacuo,  by 
allowing  the  gases  cooled  to  the  above  temperature  and  highly 
compressed,  to  expand  suddenly.  This  expansion  involves  a  rapid 
absorption  of  heat,  and  this  is  chiefly  taken  from  the  molecules  of  the 
gas  forcing  a  portion  to  pass  into  the  fluid  or  solid  state. 

Gailletet's  apparatus  is  a  modified  form  of  that  employed  by 
Andrews  in  his  great  research  on  the  continuity  of  the  gaseous  and 
liquid  states  of  matter,  and  will  be  readily  understood  on  seeing  it  in 
operation** 

Pictefs  experiments  were  conducted  on  a  manu&cturing  scale. 
A  sulphurous  acid  ice  machine  cooled  carbonic  acid  or  nitrous  oxide 
to  a  temperature  of  minus  65^  so  that  a  pressure  of  from  four  to  six 
atmospheres  is  all  that  is  required  to  cause  liquefaction.  A  system  of 
compressing  and  exhausting  pumps,  worked  at  the  rate  of  one  hundred 
revolutions  per  minute  by  a  steam  engine,  thus  produce  about  16  lbs. 
of  liquid  carbonic  add  per  hour.  Vaporized  in  Uie  very  perfect  vacua 
he  can  command,  a  temperature  of  minus  130°  may  be  kept  up  for  any 
length  of  time.    The  operations  are  so  arranged  in  cycle  that  the 

*  Handsomelv  presented  to  the  Royal  Institution,  by  Dr.  Warren  De  La  Bne, 
for  the  purpose  of  illnatrating  this  lecture. 
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same  carbonic  acid  or  nitrons  oxide  may  be  used  again  and  again. 
[This  photograph  shows  the  general  arrangements  in  the  labo- 
ratory.] No  pump  is  used  by  Pictet  to  compress  the  oxygen  or 
hydrogen.  The  gases  are  produced  by  chemical  reaction  as  in 
Faraday's  tubes,  only  he  replaces  the  glass  by  a  strong  tube  of  copper 
connected  with  a  large  iron  bomb,  in  which  by  the  application  of 
heat  the  decomposition  takes  place.  The  narrow  copper  tube  is 
cooled  to  minus  130'^  or  140^  by  the  method  explained,  and  here  the 
liquefaction  takes  place.  A  screw  stop-cock  at  the  extremity  of  the 
tube  allows  the  liquid  gas  to  be  ejected.  The  pressure  of  liquid 
oxygen  at  minus  138  is  at  least  273  atmospheres,  and  its  density  is  a 
little  less  than  that  of  wator.  Hydrogen  in  the  liquid  state  at  a  tem- 
perature of  minus  140^  has  a  pressure  of  about  320  atmospheres  and 
appears  to  solidify  in  the  tube  when  the  fluid  jet  is  allowed  to  escape. 
The  jet  of  liquid  has  a  steel  blue  colour. 

If  oxygen,  nitrogen,  or  air  is  compressed  in  CaiUetet's  apparatus 
to  250  atmospheres,  something  like  three  tons  on  the  square  inch,  and 
the  pressure  suddenly  released,  there  is  an  instantaneous  cloud  formed 
within  the  tube  due  to  partial  liquefiEUstion. 

This  tube  contains  the  first  gas  Cailletet  succeeded  in  liquefying, 
the  hydro-carbon  called  acetylene,  which  was  discovered  by  an  old 
Assistant  of  the  Boyal  Institution,  and  is  one  of  the  most  important 
bodies  in  the  whole  range  of  organic  chemistry.  After  it  is  com* 
pressed  to  about  50  atmospheres  a  dear  colourless  fluid  will  result. 

The  work  of  Faraday  has  been  completed ;  eyery  gas  may  be 
forced  to  appear  as  a  liquid. 

[J.  D.J 


GENERAL  MONTHLY  MEETING, 

Monday,  July  1, 1878. 

GaoBOK  BasK,  Esq.  F.B.S.  Treasurer  and  Vice-President,  in  the 

Chair. 

The  following  Alterations  in  the  Bye-Laws  of  the  Royal  Institu- 
tion, having  been  duly  proposed  at  the  previous  Meeting,  were  passed 
unanimously : — 

In  Ohaptxb  VI.  {Of  the  Duties  of  the  Committee  of  Managers.) 
In  Art.  4,  line  3,  for  "  one  o'clock  P.Mr  substitute  "/our  o'clock  P.Mr 

In  Chaptbb  X.  {Of  the  General  Meetings  of  the  Members.) 
In  Art.  4,  line  5,  for  "Imw  o'doch  P.M."  substitute  *'five  o'clock  P.Mr 
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The  Special  Thanks  of  the  Members  were  given  to  Wabbbn  Di 
LA  Bos,  Esq.  D.O.L.  F.R.S.  f(nr  his  Valuable  Presents  of  a  <'  High- 
Resistance  Galvanometer  "  and  ^  Cailletet's  Apparatus  for  the  Lique- 
faction of  Gases." 

The  Pbesknts  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz.  :— 

FROM 

The  Iwlian  (TcN^tfrmiieiif— Memoirs  of  the  Geological  Surrey:   PahBontologia 

Indioa,  Ser.  IL  3 ;  Ser.  X.  8 ;  Ser.  XI.  2.    fol.    1877-8. 
Acoademia  dei  Linoti,  Boms^ki^  Bene  I.  Anno  YIL  4to.   1856-62;  Serie  III. 
Tnntunti,  Vol.  II.  Faso:  6.    4to.    187& 
Hemorie :  Soienze  Fistche,  Matematiche  e  Naionli.  YoL  L ;  Scienze  Morali, 
Storiohe  e  Filulogiohe,  Vol.  I.    4tD.    1877. 
Ameriean  Phih§ophical  SboiVt^— Transactions :  New  Series,  Vols.  III.-XL  and 

Vol.  XIV.  Part  2.    4to.    1830-70.    Prooeedinga,  Na  100.    8to.    1877. 
AMiatic  SooMy^  Royai,  Bmnbay  Bmndk— Journal,  No.  85.    8to.    1878. 
Aatronomfeal  Soeitfy,  iZoyo^^Monihly  Notioeo,  Vol.  XXXVIIL  No.  7.  8?o.  1878. 
Author,  7%0— Burllngtoiiia:  Historical  Notes  (.bout  Burlington  House  and  its 

NeiKhbourhood.    (O  17)    16to.     1878. 
Chemioai  Soeuiy — Journal  fur  June,  1878.    8yo. 
JSti/ton— American  Journal  of  Science  for  June,  1878.    8ro. 
Analyst  for  June,  1878.    Sra 
Akhenaeum  for  June,  1878^,    4to. 
Ohemicsl  Newd  for  June,  1878.    •Ita 
Engineer  for  June,  1878.    foL 
Horological  Journal  fur  June,  1878.    8vo. 
Iron  for  June,  1878.    4to. 
Journal  for  Applied  Science  for  June,  1878.    feL 
Nature  for  June,  1878.    4to. 
Nautlcsl  Magazine  for  June,  1878.    8to. 
Telegraphic  Joumitl  for  June.  1878.    8yo. 
Eriehten,  J.  E.  K§q.  F,BJ8,  MM.I  (the  Authory-Oa  Surgical  Evidence  in  Courts 

of  Law.    (K102)    8to.    1878. 
Franklin  Ind!tute—Jovam\,  No.  630.    8vo.    1878. 
Oeographical  Soc'ety,  iZoyoJ— Journal,  Vol.  XL VII.    8to.    1878. 
King,  Clarence,  Eeq.  {United  States  GeohgiBty-Vmied  SUtes  Geological  Explora- 
tion of  the  Fortieth  PaiuUel,  Vol.  IV.    4to.    1877. 
XJitneafi&«(6<y-Proceodiiigs.Nc8. 96,97.    8yo.    1878. 
Afdiifi,  Robert  Jame$,  M.D.  M.BJ.^J.  L.  Lagrange :   Mecanique  Analytinue. 

Nouvelle  Edition.    2  toIs.    4to.    Paris,  1811-15. 
Mechanical  Engineers,  Inetitution  o^— Proceedings,  April,  1878.    8vo. 
Meteorotogieal  Soeiety—QuBTierly  Journal,  No.  26.    8to.    1878. 
Odling,  Mrs.  (the  Author)  ^^emoit  of  the  late  Alfred  Smeo,  F.B.a  by  his 
Daughter     With  a  Selection  from  his  Miscjllaneous  Writingi.    Svo,    1878. 
Pharmaeeutioal  Society  of  Great  Bn^ain— Journal  for  June,  1878.    8yo. 
Photographic  iSMisty—Joumal,  New  Series,  Vol.  IL  No.  8.    8yo.    1878. 
Platenu,  M.  /.  JETon.  MM.L  (the  jiuMor)— Bibliographie  Analytique  des  Principaux 

Ph^nom^nes  de  la  Vision.    Sections  4,  5,  6.    4to.    1877. 
Preussische  Akademieder  IFisMnsd^/1^— Monatsberichte :  Mars,  April,  1878.  8vo. 
RayUigh,  The  Lord,  M.A,  F.RS,  M.R.L  (the  ii'i/Aor)— The  Theory  of  Sound, 

VoLIL    8m    1878. 
Royal  Society  of  Londm— Proceedings,  No.  187.    1878. 
Tason,  Professor  B.  V.  (the  Ed.ior)-->Gooley  s  Cydoped'a  of  Practical  Receipts, 

Part  4.    8to.     1878. 
United  Service  Institution,  Royal — Journal,  No.  95.    8vo.    1878. 
Zoofogieal  Stciety  of  Lomioyi— Transactions  Vol.  X.  Part  6.    4to,    1878. 
Proceedings,  1878,  Part  1.     Svo.     187«. 
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GENERAL  MONTHLY  MEETING, 

Monday,  Nov,  4, 1878. 

C.  WiLUAM  SiKMiNS,  Esq.  D.O.L.  F.ILS.  Vice-President, 
in  the  Gliair. 

G.  T.  Denton,  Esq. 

Miss  E.  Forater, 

Avary  William  Holmes,  Esq. 

Hon..Bollo  Rassell, 

Frederick  S.  Shenstone,  Esq. 

were  elected  Members  of  the  Royal  Listitotion. 

The  Managers  reported,  That  at  their  Meeting  this  day,  they 
appointed  Mr.  Edwabd  Albibt  Schavib,  Follerian  Professor  of 
Physiology  for  three  years. 

The  Pbbsints  receiyed  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  retnmed  for  the  same,  viz. : — 

FBOM 
The  India  Office— O.  B.  Markham :  Memoir  of  the  Indian  Surveys.    2ad  edition, 
fol.    1878.       * 
C.  Cliambers :  Meteorology  of  the  Bombay  Presidency.    2  vols.    4to  and  foL 
1878. 
Briiuk  If itMttm  Tnfo^ees— Catalogue  of  Greuk  Coins :  The  Seleacid  King^  of 
Syria.    8vo.    1878. 
Illustrations  of  Lepidoptera  Heterooerca,  Part  2.    4to.    1878. 
Catalogue  of  Cheiroptera.    8va    1878. 
Guide  to  Exhibition  Booms.    8vo.    1878. 
Guide  to  Second  Vase  Boom.    12mo.    1878. 
Guide  to  Auti)greph  Letters,  &o.    16to.    1878. 
Ifuseiiiii  of  Practical  Qcology—CaiB,'ogae  of  Library.    8to.    1878. 
The  Warden  of  the  Standarde—TBhlea  for  the  Verification  of  the  StanJards  of 
Weights  and  Measures,  by  Br.  O.  J.  Broch.    8vo.    1878. 
Twelfth  Annual  Beport.    8to.    1878. 
The  Prueeian  Qocentment—Vr.  J.  F.  Julius  Schmidt:  Chart  der  Qebixge  det 

Mondes ;  mit  Erlauterung^band.    foL  and  4ta    1878. 
United  Statee  Naval  Obeerratory,   TFasfctnytofi— Instruotiond  for  Observing  the 
Total  Solar  EcUpse,  29th  July,  1878.    (M  8)    4to.    1878. 

Advariee^  InslUuie  o/~Joumal,  Nos.  Ill,  112     8vo.    1878. 

Ameriean  Academy  of  Arte  and  Bcieneee — Proceedings,  Old  Series,  Vol.  YliL 

8vo.    1873.   New  Series,  Vol.  V.  (Old  Series,  Vol  XV.)  8vo.   1878. 
American  Philoeophlcal  ^^ciciefy— Catalogue  of  Library,  Part  8.    8vo.    1878. 

Proceedings,  No.  101.    8vo.    1878. 
Antiqvariee,  Society  o/— Proceedings,  Second  Series,  VoL  VIL  No.  4.    8vo. 

1878. 
AMtic  Society  of  Bsiipal -Journal,  VoL  XLVl.  Part  L  Nos.  2,  3,  4;  Part  U. 

Nos.  3,  4 :  Vol.  XLVII.  Part  L  No.  1 ;  Part  II.  Noa  1,  2.    8vo.    1877-8. 
Proceedings,  1877,  Noa  7-10.    1878,  Nos.  1-^.    8vo. 
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Atnatic  Soniety  Boyal — Journal,  New  Series,  Vol.  X.  No.  3.    8to.    1878. 
AttionoTMcal  tioeiety^  i^oyo/— Monthly  Notices,  Vol.  XXXVIII.  Noe.  8,  9.    8to. 

1878. 
Barclay^  J.  O.  Em. — Astronomical  Obtervations  at  the  Observatory  of  J.  Q. 

Barclay,  Esq.  Leyton,  Essex.    Part  3  and  Vol.  IV.    ito.    1873-8. 
Batd  Naturjforsdiende  G eselltehaf i-Theil  VI.  Heft  4.    8vo.     1878. 
Bavarian  Academy  €f  ScieneeBj  Koyal — Sitzangsberichte,  1878,  Hefl  1, 2.    8to. 

Abhandlangen.    Bund  XIII.  Abth.  1.    4to.     1878. 

Dr.  G.  W.  von  Gilmbel :  Uede  auf  der  Cteognoetische  DorehfOTScbimg  Bayems. 
4to.    1877. 

Almanach  fiir  1878.    16to. 
Bo$ton  Society  of  Natural  HiHory—Uemoln,  Vol.  II.  Part  I.  Noe.  2,  3 ;  Part  II. 
No.  1 ;  Pait  IV.  No.  6.    4to.    1872. 

Proceedings,  Vol.  XIX.  Parts  1,  2.    8vo.    1877. 
British  Architects,  Royal  InstituU  o/— SeesioDta  Papers,  1878.    Nos.  14-17.    4k>. 
Canada  MeUorologfcal  Office— ILe^riM  for  1877.    8vo.     1878. 
Chamherhn,  T,  C.  -^n^.— Geoloey  of  Wisconsin.    Vol.  IL  with  Atlas.     1877. 
Chemical  Society — Journal  for  July-Oet  1878.    8vo. 

CivU  Engineerff  Jnt/t/u/ton^Minutes  of  Proceedings,  VoL  LIL  LIII.  Sto.   1878. 
Coniifcticul  Academy  of  Arts  and  iSdteneef— Transactions :    Vol.  III.  Part  2; 

Vol.  IV.  Part  1.    8vo.    1877-8. 
Coutts,  J,  (the  JWAor)— The  Kingdom  of  Force.    16to.    1878. 
Dax:  Sotiite  de  l?orda— Bulletins,  2«  Bene,  Troisitjme  Ann^;  Trimestre  1-3. 

8vo.    Dax,  1878. 
Editors — American  Journal  of  Science  for  July-Oet.  1878.    8fo. 

Analyst  for  July-Oet.  1878.    8vo. 

Athenaeum  for  July-Oct  1878.    4to. 

Brain :  a  Journal  of  Neurology,  No.  2.    8?o.     1878. 

Chemical  News  for  July-Oct.  1878.    4to. 

Engineer  for  July-Oct.  1878.    fol. 

Horologioal  Joumsl  for  July-Oct.  1878.    8?o. 

Iron  for  July-Oot.  1878.    4to. 

Journal  for  Applied  Science  for  July-Oet.  1878.    (U. 

Nature  for  July-Oct.  1878.    4to. 

Telegraphic  Journal  for  July-Oct.  1878.    8vo. 
Ftanklin  InstitiUe—Jovatio},  Nos.  681,  632;  633,  634.    8to.    1878. 
French  J.  O.  (the  Author)— The  Nature  of  Cholera  Inveatigated.    2nd  editloD. 
8vo.    1854. 

Geoaraphical  Society,  B/iyaZ— Proceedings,  1878,  Nos.  4,  5,  6.    Sro. 

Geological  Institute^  Imperial  Vienna — Verbaiidlungen,  1878.    Nos.  1-10.    8to, 

Jahrbuch  :  1878.    Band  XXVIU.  Nos.  1,  2.    8vo. 
(f  «oZo(7tco J  <?oc/e/i/ —  Quarterly  Journal,  No.  135.    8?o.     1878. 
Geologicdl  Survey  of  /nd/a— Kecords,  Vol.  XI.  Parts  2,  3.    8vo.     1878. 
GladM&ne,  Dr,  J.  H,  F.R.S.  M.H.I,  (the  Jii(Aor)— Address  to  the  Chemicml 

Society,  30th  March.  1878.    (Jonmal  of  Chemical  Society,  1878.)    8vo, 
Glasgow  PhilosopfUcal  5r>««<y— Proceedings.  Vol.  XI.  No.  1.    8vo.     1878. 
Earlem^  Sociit€  HdUandaise  des  Sciences— Archives  Neerlandaises.    Tome  XHI. 

Liv.  1,  2,  3.    8vo.    1878. 
Henry,  Dr.  James  (Trustees  t^y—Mneidea  or  Critical,  Exegetioal,  and  .£sthetical 

Keinarks  on  the  iEneia,  by  James  Henry.    2  vols.    8vo.    1877-8. 
Hinrichs,  Dr.  G.  (the  JirfAor)— Iowa  Weather  Report  fiar  1877.    8vo,  and  Charts. 
Hull  Literary  and  Philosophical  Society — Annual  Report,  1877-8.    8vo.    1878. 
Irish  Academy,  iJoyaZ— Transactions :  Vol.  XXV.  Science,  No.  20;  Vol.  XXVI. 

Science,  Nos.  6-16 ;  Vol.  XXVII.  Polite  Literature,  No.  1.    4to.    1875-7. 
Pioceedings,  Series  II. ;  Vol.  I.  No.  12 ;  Vol.  U.  No.  7;  Vol.  IIL  Na  1.    8foc 

1877. 
Iron  and  Steel  Ltstitute— J oumtA,  1878,  No.  1.    8vo.    1878. 
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Linnean  iSociely— ProceediDgs,  No.  75,  98.    8vo.    1878. 
Transactions :  Second  Series,  Botany,  Vol  L  Part  5 ;  Zoology,  Vol.  I.  Part  7. 

4to.    1878. 
Lisbon :  Academte  BoyaU  des  Seience$ — Memorias :  Sciencias  Moraes,  &c,    Tomo 

IV.  Parte  2.    4to.    1877. 
Sciencias  Mathematioas,  &o.    Tomo  Y.  Parte  1.    4to.    1875. 
Jornal,TomoV.  andNo8.2I,22,23.    8vo.    1874-6,7,8. 
PortugallltB  Monumenta  Historica.    Vol.  I.    Fasc.  4  Legum  and  Index,    fol. 

1873. 
Dr.  P.  F.  Da  Costa  Alvarenga:  Lemons  sor  les  Mtdadies  du  Oceur.    Traduit 

par  Dr.  E.  Bertherand.    8vo.    Lisbonne.    1878. 
Lunacy  Commiuionen — Ttiirty-seoond  Report    8yo.    1878. 
Manchester  Geological  &>ae<y~Transactions,  Vol.  XIV.  Parts  20,  21,  22.    8vo. 

187a 
Mcehanieal  Enmneen,  IndittUion  o/— Proceedings,  Jane,  1878.    Sto. 
Medical  and  Cnirurgicdl  Society,  Uoyal — Proceedings,  Part  47.    8vol    1878. 
Meteorological  Society — Quarterly  Journal,  No  27.    8vo.     1878. 
Meteorological  (Mee— Meteorology  of  the  North  Atlantic  during  August,  1873. 

4to,  with  Charts,    fol.    1878. 
Quarterly  Weather  Report.  1875,  Part  3.    4to.    1878. 
Mueical  Association — Proceedinjis,  Fourth  Session,  1877-8.    8vo.    1878. 
New  York  Citizen,  USA. — J.  ttuUer :  Metaphysics,  or  the  Science  of  Perception . 

8vo.    1875. 
Norfolk  and  Norwich  Naturalists^  /S^Wy— Transactions,  Vol.  IL  Part  4.    8?o. 

1877-8. 
Pharmaeeuiieal  Society  of  Great  Britain — Journal  for  July-Oct.  1878.    8vo. 
Photographic  Society--Jovana\,  New  Series,  Vol.  III.  Na  1.    Sva    1878. 
P/^yt^iSudefyo/Xomioii— Proceedings,  Vol.  II.  Part  4.    8vo.    1878. 
Preussische   Akademie  der   TrtM6ii«o^/(«fi— Mooatsberichte :  Mai,  Juni,  1878. 

8to. 
Uoyal  Codege  of  PAy«f  dian*— Roll  of  the  Royal  College  of  Physicians  of  London. 

By  WUliam  Munk,  M.D.    2nd  edition.    3  vols.    8vo.    1878. 
Boyal  Society  of  Xondoii— Proceedings,  No.  188, 189.    1878. 
Sciine,  Bobert^  Esn.  MM.L  (the  J u/Aor)— Electrical  Experiments  with  Crystalline 

Selenium.    (Phil.  Mag.  June,  1878.)    8vo. 
Statistical  /SbcMy— Journal,  Vol.  XLI.  Parts  2,  3.    8yo.    1878. 
Startint  James  {the  Author}— Tvro  Lectures  on  Ringworm  and  other  Diseases  of 

the  Skin  due  to  Vegetoid  Parasites.    (K  102)    8vo.    1878. 
St.  Bartholomeufs  Ho<pi<a2— Statistical  Tables.  1877.    8yo.    1878. 
St.  Pdersburg,  Academic  des  ^'sitces— Bulletins,  Tome  XXV.  Nos.  1,  2.    4  to. 

1878. 
Symons,  G.  J. — Monthly  Meteorological  Magazine,  July-Oct  1878.    8vo. 
Tuson,  Professor  B.  V,  {the  Editory-Coolefs  CyclopeSdia  of  Practical  Receipts, 

PartsS,  6, 7.    8vo.     1878. 
Twining,   Thomas^  Eeq,  M.BL — Catalogue  of  Free  Public  Library,  Sydney, 

N,8.W.    8vo.    1878. 
Works  on  New  South  Wales.    8vo.     1878. 
Science  Made  Easy.    Parts,  5,  6.    4to.     1878. 
United  Service  Institution,  ijowai— Journal,  No.  96.    8vo.    1878. 
University  of  Xomion— Calendar,  1878-9.    8?o. 
Vereins  tur  Befdrderung  des  Gewerbfleisses  in  Pfen««n— Verhandelungen,  1878. 

Hefte6,7,8.    4to. 
Victoria  Institute— Journal,  No.  47.    8vo.     1878. 

Wisconsin  Academy  o/ ^i>noe»— Transactions,  Vol.  III.  1875-6.    8vo.     1878. 
Yorkshire  Philosophical  Sodety—AtmneA  Report,  1877.    8vo. 
Zoological  Society  of  Loim/oh— Transactions,  Vol.  X.  Paris  7,  8,  9.    4ta     1878. 
Proceedings,  1878,  Parts  2,  3.    8vo.     1878. 
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GENERAL  MONTHLT  MEETING, 

Monday,  December  2,  1878. 

GioBOi  Bi78K,  Esq.  F.R.S.  Treasurer  aad  Yioe-Prosident, 
in  the  Chair. 

The  Yiscoant  Bangor, 
Patrick  Black,  M.D. 
Capt.  Robert  Goff, 
John  Thornton  Rogers,  Esq. 

were  elected  Members  of  the  Royal  Institution. 

The  Chairman  announced.  That  Mr.  Spottiswoods,  having  been 
elected  President  of  the  Royal  Society  on  November  SOth,  felt  com- 
pelled to  resign  the  office  of  Secretary  of  the  Royal  Institution. 

He  further  reported.  That  the  Managers  had  agreed  to  the  follow- 
ing Resolution,  which,  on  the  recommendation  of  the  Managers,  was 
unanimously  adopted  by  the  Meeting : — 

'^The  Managers  cannot  accept  the  Resignation  of  their  most 
highly  esteemed  Secretary  without  a  formal  expression  of  their  high 
appreciation  of  his  zealous  services  daring  a  period  of  thirteen  years 
successively  as  Treasurer  and  Secretary,  and  of  their  deep  sense  of 
the  great  advantages  he  has  conferred  on  the  Institution  by  his  high 
scientific  and  practical  knowledge,  and  by  his  uniformly  courteous  and 
efficient  fulfilment  of  the  arduous  duties  of  these  offices ;  and  they  ask 
the  President  to  be  so  good  as  to  embody  these  opinions  in  a  letter 
signed  by  himself  on  behalf  of  the  Members  of  the  Institution." 

The  following  Arrangements  for  the  Lectures  before  Easter  were 
announced : — 

Ghbtstmas  Lectubxb. 

Pbofessob  Dxwab,  H.A.  F.B.8.— 49iz  Lectarea  on  A  Soap  Bubble;  on 
Deo.  28  (Saturday),  31, 1878 ;  Jan.  2,  4,  7,  9, 1879. 

Pbofebsob  Edward  A.  Scbafbr,  F.R.8.  FnlleriaD  ProfesBor  of  Physiology,  R.I. 
— ^TwelTO  Lectures  on  Animal  Dbvelopmbnt  ;  on  Tueadaya,  Jan.  14  to  April  1. 

J.  £.  H.  Gordon,  Esq.— Four  Lectures  on  Electric  Induction  ;  on  Thora- 
aja,  Jan.  16  to  Feb.  6. 

Pbofcssob  Ttndall,  B.G.L.  F.R.S.  ftc^Eight  Lectures  on  Sound,  iiidoding 
its  Beoent  Applioatioiis  and  Methods  of  Beproduotion ;  on  Thnndays,  FeK  13  to 
April  3. . 

Pbofessob  H.  O.  Seelet,  F.L.S.  F.G.S.^Tlixee  Lectures  on  REimLUN  Lite  ; 
on  Saturdays,  Jan.  18,  25,  Feb.  1. 


Digitized  by  VjOOQIC 


1878.]  General  MoniMy  Meeting.  669 

RsoiKALD  W.  Magav,  Esq.  (Ch.  Ch.  Oxford).— Four  Lectures  on  LissiHO; 
on  Satordays,  Feb.  8  to  liaroh  1. 

Waltsr  H.  Poli/xjk,  Esq.  M.A.~Two  Lectores  on  Richelieu  and  Ck)LBEBT ; 
on  Saturdays,  Biarcb  8, 15. 

F.  Seymoub  Haoen,  Esq.^Three   Lectures  on  Etching;   on  Saturdays, 
March  22  to  April  5. 

The  Pbksknts  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same,  viz.  :^ 

FBOM 

Lordi  of  the  Jdm.'ratty— Nautical  Almanac  for  1882.    8vo.    1878. 

Academie  dei  8eience$  de  VlnttUfU^  Par/t— M^moirod,  Tome  XXXIX.    4to. 
1877. 
M^moires  pr^'^nt^s  par  Divers  Savants.    Tomes  XXI.  XXIL  XXIII.    4ta 

1875-7.    Deuxifeme  S^rie.  Tomes  XXIV.  XXV.    4to.    1877. 
Becueil  de  Memoires,  etc.,  relatifs  k  TObservation  du  Passage  de  Venus  sur  le 
Soleil.    Tome  I.  et  Supplement ;  Tome  IL  Partie  1.    4ta    1877-8. 
Aetmr%e$^  Inttilule  o/*— Journal,  No.  113.    8yo.    1878. 
Author^  The—Free  Notes  on  Herbert  Spencer's  *  First  Principles,*  with  Suggestions 

regarding  Space,  Time,  and  Force.    (K  102)    8to.    1878. 
British  ArchttaeU,  Roynl  IndUuU  o/— 1878-9:  Proceedings,  Nos.  1,  2. 

Transactions,  Ko.  1.    4to. 
CivU  Engineer^  IfM/i<ii<um— Minutes  of  Proceedings,  VoL  LTV.    8?o.    1878. 
Clinicdl  £be/e(j(— Transactions,  VoL  XI.    8va    1878. 
Deamshire  AnociaUonfor  the  Advancement  of  Literature^  Science^  and  Art  —Report 

a  id  TransActiouM,  Vol.  X.    8vo.    1878. 
Editore — American  Journal  of  Science  for  Nov.  1878.    8vo. 
Analyst  for  Nov.  1878.    8va 
Athenaeum  for  Nov.  1878.    4to. 
Chemical  News  for  Nov.  1878.    4to. 
Engineer  for  Nov.  1878.    foL 
Horological  Journal  for  Nov.  1878.    8vo. 
Iron  for  Nov.  1878.    4to. 
Journal  for  Applied  Science  for  Nov.  1878.    foL 
Nature  for  Nov.  1878.    4to. 
Telegraphic  Journal  for  Nov.  1878.    8vo. 
EUtot,  John  Letteom,  Eeq.  If. //.i.— History  of  India  as  told  by  its  own  Historians. 

Vol.  VUL    8vo.    1877. 
FVankVn  Jiwii/y/e— Journal,  No.  635.    8vo.    1878. 
Genivey  SoeiiU  de  PAyti^H^— M^oires,  Tome  XXV.  Partie  1 :  Tome  XXVL 

Partial.    4to.    1877-8. 
Geologieal  Society"  Quarterly  Journal,  No.  136.    8vo.    1878. 
J&MWJ,  George  Jamee,  E$q,  M,R.L—Comm,  B.  W.  Tnu-ey :  The  Pillar  of  Witness  : 

a  Scriptural  View  of  the  Great  Pyramid.    (K  102)    8vo.    1876. 
lAnnean  Society— TrooeedingBj  Nos.  76,  99.    8vo.    1878. 
Lancenberg^  Dr.  B.  (the  Author)— Lee  Tumours  Ad^ddes  du  Pharynx  KasaL 

(K  102)    8vo.    1878. 
London  Jnitthiium— Joumul,  Na  89.    8va    1877-8. 
Manrhe>'ier  Geological  5bcWy— Transactions,  Vol.  XIIL  Parts  1,  2;  VoL  XIV. 

Part  17.    8vo.    1873-8. 
Medical  and  Chirurgical  Society,  JBoyoZ— Transactions,  Vol.  LXL    8vo.    1878. 
North  of  England  Inetitute  of  Mining  Engineere—Tnnaac^oDB,  Vol.  XXVIL 

8vo.    1877-8. 
Pharmaceutical  Society  of  Great  Britain— JoumeA  for  Nov.  1878.    8vo. 
Photographic  Soc^iy— Journal,  New  Series,  Vol.  IlL  No.  2.    8vo.    187a 
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Prtussiie^e  Akademie  der  WiMen$ehaften — ^MonatRberichte :  Jali«  Aug.  1878.    8vo. 
Bobertson,  Rev.  W.  A.  Scott,  M.A,  {the  Author)— BniiOi  Contributions  to  Fofdgn 

Missions.    (O  17)    12mo.    1878. 
Royal  Society  of  Li/«ro(ure— Transactions,  Vol.  XI.  Part  3.    8vo.    1878. 
Royal  Society  of  Londcwi— Philosophical    Transactions  for  1878,  Part  1.    4to. 

1878. 
Royal  Society  of  New  South  TToiea— Journal  of  Proceedings,  Vol.  XI.    8vo.    1878. 
Bev.  W.  B.  Clarke :  Heoiarks  on  the  Sedimentary  Formations  of  Nt^w  South 

Wales.    4th  ed.    8to.    1878. 
J.  Bae :  BaUways  of  New  South  Wales,    fol.    1877. 
Report  on  Mines  of  New  South  Wales,  1877.    8vo.    1878. 
Sho<Jhred,  /.  N.  Etq,  (the  Authory-Ou  the  Present  State  oi  Electrio  XJghtiDg 

(K  103)    8to.    1878. 
Symon$,  O.  J. — Monthly  Meteorological  Magazine,  Not.  1878.    8vo. 
Tueon,  Profeetor  R,  V,  (the  Editor}— Coolefa  Cyclopaedia  of  Practical  Beceipts. 

Part  8.    8vo.    1878, 
United  Service  Institution,  Royal — Journal :  Index,  Vol.  XI.-XX. 

Journal,  No.  97.    8vo.    1878. 
Verdfii  tur  Befdrderung  dee  Oewerhfteieeee  in  Preuesen — ^Verhandelungen,  1878. 

Heft  8.    4to. 
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AooumcAL  Phenomena,  Explanation 
of,  586;  of  Gunpowder. and  Gun- 
cotton,  546,  547. 

Adams,  Professor  W.  G.,  on  Action  of 
Light  on  Selenium,  70. 

Aerial  Echoes,  556. 

Africa,  North,  Geolopj  of,  .'»94. 

Agassiz,  L.,  on  Glaciers,  239. 

Alcohol,  Effect  on  MedusiB,  177. 

Alcohols  in  general,  92 ;  of  Paraffins,  86. 

Anchippodus  deeorihed  (with  Cut),  123. 

Andamanese,  638. 

Andrews,  Dr.,  on  Gases,  662. 

Animal  and  Vegetable  Kingdoms, 
Border  Territory  of,  28. 

Annual  Meetings  (1876),  177 ;  (1877), 
390;  (1878),  581. 

Ants,  Habits  of,  253. 

Arctic  and  Sub- Arctic  Life,  378. 

Armenia  and  Ararat,  349. 

Arnold,  Matthew,  Equality  (no 
aharad),  510. 

Atmosphere :  its  Optical  Condition  in 
Relation  to  Putrefaction  and  Infec- 
tion, 6. 

Australians,  603;  Skulls,  612,616. 

BAcrrERTA,  Life,  Ori^n,  Ac,  7. 399, 476. 
Barlow,  Rev.  J.,  Pedestal  for  Bust  of;  4. 
Barlow's  Logograph«  502. 
Basedow,  an  Educator,  460. 
Bastian,  Dr.,  Experiments  on    Spon- 
taneous Generation,  &c.,  10,  d  teq, 
Becquerel,    E.,    Electro-chemical   Re- 

Bell,  A.  G.',on  Telephone,  503;  Speech 

(no  abitrad),  594. 
Becsonier's  Steel,  323. 
Big  Tree,  the,  578. 
Bioevnesis,  20. 
Birds,  History  of,  347. 
Bonwidc,  J.,  on  Tasmanians,  621. 
Bowman,  W.,  presents  Ivory  Bust  of 

Faraday  by  Noble,  508. 
Bramwell,  F.  J.,  Future  of  Steel,  314. 
Britons,  Eariy,  607. 
Bronze  Gun :  its  Sound,  545. 
Browning,  Oscar,  History  of  Education, 

449. 
Bryce,  Dr.  J.,  Armenia  and  Ararat,  349. 
Bye-laws  altered,  663. 


G^SALPiNrB  on  the  Heart,  493. 
Cailletet,  Liquefaction  of  Gases,  662. 
Calder,  Mr.,  on  Tasmanians,  622. 
Califomian  Forests,  579. 
Cannani  on  the  Heart,  498. 
Chemi<»l  Constitution  and  Refraction 

of  Light.  351. 
Chemical  Decomposition  illustrated  by 

Water,  179. 
Chenot's  Steel,  320. 
Chinese  **  Elements,''  179. 
Cohn  on  Putrefaction  and  Bacteria,  7. 
Colloids  and  Crystalloids,  310. 
Columbus,  Realdus,  on  the  Heart,  493. 
Comenius,  J.  A.,  an  Educator,  455. 
Conseryation  of  Force,  217. 
Cook,  Captain,  on   Australians,  604; 

Tasmanians,  621 ;  New  Zealanders, 

644;  Marquesians,  649. 
Cope,  Professor  K  D.,  Palieontological 

Discoveries,  103-124. 
Copper-Zinc  Couple,  182. 
Crookes,  W.,   Mechanical    Action    of 

Light,  44. 

Dallingeb  and  Dryadale's  Experi- 
ments on  Monads,  81. 

Dallinger,  Rev.  W.  H.,  Origin  and 
Development  of  Minute  and  Lowly 
Forms  of  Life,  391. 

Dampier  on  Australians,  603. 

Darwin,  C,  on  Ulen  Roy,  238. 

Davis,  Dr.  B.,  on  Australian  Skulls, 
&0.,  626,  636. 

Deacon,  H.,  on  Vortex  Rings,  275. 

De  La  Rue,  Warren,  Presents  of  Scien- 
tific Apparatus,  186,  527,  664. 

Delisle  on  Transits  of  Planets,  80. 

Dewar,  Professor,  Physiological  Action 
of  Light,  Part  n.  137. 

Electro-Photometry,  565. 

Liquefaction  of  Gases,  657. 

Dewar,  J.,  appointed  Fullerian  Pro- 
fessor of  Chemist^,  403. 

Dick-Lauder,  Sir  T.,  on  Glen  Roy, 
234. 

Distribution  of  Plants,  568. 

EcHOiES  in  Free  Air,  556. 
Edison's  Telephone,  503. 
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Kdaoatioa,  History  of,  449. 

Egeroff,  Electro-Cnemical  Actinometor, 

505. 
Elirenberg  on  Life  in  the  Atmoephere, 

2S. 
Electricity:  Appl'oationd  to  the  Pro- 

teetioD  of  Life  on  Biilwayii  S5. 
Eleitio-Photometry,  5d5. 
Elements,  early  notions  of,  179. 
English  Political  Character  aifected  by 

Geographical  Circonutances,  530. 
Eraidatntus  on  the  Heart,  486. 
Kukimoe,  Churaoter  and  Life,  885. 
Ether  and  Matter,  335. 
Extinct  Animals  of  North  America,  103. 
Eye,  Action  of  Light  npon  it,  137. 

FABaicirs  on  the  Heart,  493. 

Faraday  ,M.,  Liqne&ction  of  Gafes,  657. 

Feudal  Pro()eiiy  in  England  and 
France,  126. 

Flame-sonnda,  539. 

Flinders  Bar,  592. 

Flower,  Profe!(8or  W.  H.,  Extinct 
Animals  of  North  AmLrica,  103. 

Native  Bact  sof  the  Pacific  Ocean, 

602. 

Finid  Motion,  272. 

Fog-Signals,  543. 

Forster,  on  Polynesians,  629. 

Froude,  W.,  Fundamental  Principles 
of  Resistance  of  Ships,  188. 

Fullerian  Professors  appointed:  Che- 
mistry, J.  Dewar,  403 ;  Physiology, 
E.  A.  Schafer,  665. 

Galek  on  the  Heart.  487. 

Qalton,  F.,  Typictil  Laws  of  Heredity, 
282. 

Gamgee,  A.,  on  Physiological  Effects 
of  Vanadium,  224. 

Gases,  Liquefaction  of,  657. 

Geographical  Circumstances  and  Poli- 
tical Cuaracter,  529. 

Geological  Me&»ures  of  Time,  129. 

Germ  Theory  cif  Disease,  6, 15. 

Gibraltar,  Geology  of,  591. 

Gladtftone,  J.  H.,  Methods  of  Chemical 
Decomposition  as  illustrated  by 
Water,  179. 

—  lonuenoe  of  Chemical  Constitu- 
tion upon  Refraction  of  Light,  351. 

Glen  Roy.  Parallel  Roads,  233 ;  Liteza- 
ture,  245. 

Goethe,  on  Light,  69. 

Goodenough,  Cjnmiodore,  murdered, 
630 ;  on  Melanesians,  631. 

Gray,  Dr.  A.,  on  North  American 
Flora,  578,  Ac,  I 


Gray,  E..  Telephone,  503. 

Greenland  F.ora,  .')75. 

Grove.  Sir  W.  R.,  Donation,  4 ;  Electric 

Rrsearohes,  565. 
Gun -cotton  and  Gunpowders,  Acoustic 

Power*  of,  546,  547. 
Guthrie,  Profesaor  F.,  Solid  Water,  302. 

Habtit,  Will-am,  and  his  Didooveiiis. 
485-4i>4.  ^ 

Hawksle^,  0.,  Donation,  588. 

Heart,  Discoveries  respecting,  485. 

Helmholtz  on  Conductivity  of  Heat  br 
Metals,  75. 

Heredity,  Typical  Laws  of;  282. 

Heteromita,  Monads,  81. 

HodmadfKis  (Hottentots),  604. 

Hooke,  R.,  i.n  Conduction  of  Sound,  501. 

Hooker,  Sir  J.  D.,  on  DUtribation  of 
North  Aroerii  an  Flora,  56& 

Huiiter*s  Theory  respecting  lUiMfsH 
and  Sunspots,  424. 

Huntsman's  Cast  Ste*  1,  319. 

Huxley,  Professor,  The  Border  Territory 
between  the  Animal  ani  the  Vege- 
table Kingduma,  28. 

Hiatory  of  Birds,  347. 

Hydrocarbons  in  general,  86. 

Indtan  Famines:  Physical  Causes,  407. 
Indian  Vegetable  Food,  421. 
Induction  Coil  Experiments,  359. 
Iron :  Cast,  or  Pig,  815;  Wrought,  316. 

Jamieson,  T.  F.,  on  Glen  Roy,  244. 
Jesuit  Eilucation,  456. 
Jetoline,  Marking  Ink,  229 

Kbboiklkn  Expedition.  81. 

Kilbum,  E.,  presents  Thermopile,  Ae^ 

Zoi. 
Knightly  Education,  464. 
Krupp's  Steel,  320. 

Lannxt  W.,  last  Tasmanian  Male,  624. 
Lecture    Arrangements  :- (1876\    4, 

l.'iO;  (1877),  252,857;  (1878X  484, 

668. 
Liebreich,  R.,  on  Deterioration  of  Oil 

Paintings,  514. 
Life-history  of  a  Monad,  396. 
light,  Mechanical  Action,  44, 

Action  on  Selenium,  68. 

Phvsiologicul  Action,  137. 

and  Chemical  Constitution,  351. 

and  Chemical  Action,  565. 

Lightfoot's  Experiments  widi  Aniline, 

Linton,  R.,  Death  of,  186. 
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Liquelboiioii  of  Oases,  657. 

Lister,  Professor,  oa  Respired  Air,  7. 

Locke  on  Edacation,  457. 

Loffograph,  502. 

Lubbock,  Sir  J.,  on  Habits  of  Ants,  253. 

Maoketization  of  Iron,  Effects  of 
Stress  upon,  591. 

Maine,  Sir  H.  S.,  on  State  of  Feudal 
Property  in  England  and  France  on 
the  Eve  of  the  First  French  Revo- 
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